
k .,. ,.

\““’””’:”-“‘
,:’:-.

,1. . . :,:..:. .:

>’ .1.,. .,. ..3”. ,.
,; . . .

-.1 ‘““i’”
-“, Corrected Edition

March 1, 1989,, -,..,,’:.. ...,..,,,.:.,,!,..,..,, ’!.......,.“,... ... .Z:$;b<”+.:’.~:.i-,

.

.--. .

●✎✌✎

●



Henry 1. Kohn, MD, PhD

TESTIMONY FOR CONGRESSIONALCOMMITTEEHEARINGS
4.19.89

I am Henry I. Kohn, Referee, Rongelap Reassessment Project,
whose preliminary (4.20.88) and final Reports (7.22.88; 3.1.89 re-edited)
were submitted to the Congress and to the President of the United States
pursuant to the Compact of Free Association Act of 1985. Here, it is only
necessary to state their major conclusions concerning the habitability of
Rongelap Island, which was abandoned several years ago by its residents
for fear of being poisoned by the current radiation levels.

There are two central questions.

(1) Two Government Laboratories (Lawrence Livermore, Brook-
haven) have obtained discordant results with respect to plutonium dosage
by two different methodologies. I believe that one Laboratory was in
error primarily owing to the great difficulties of urine sampling, and I
am told that the crucial testing of this matter should be completed by
the end of 1989. I anticipate that the results will permit adult resettle-
ment of Rongelap Island. I may add that the importation of food to support
the resettled population will be as necessary in the future as it has been
in the past.

(2) The radionuclide dosage to infants and small children
has come into question by the Rongelap People. I believe that additional
data-collection on diets would settle this point in a matter of months.
My estimates based on Peace Corps data indicated that this is not a
problem scientifically.

The tests to meet the requirements of (1) and (2) above should
be done and communicated to the Rongelap People in such a way as to be
impressive and convincing. By this I do not imply spending millions. I
do imply that the tests be aimed directly at the two central questions
and be done thoroughly.

Furthermore, direct steps should be taken to inform interested
citizens of what is being done to solve their problems -- discussion should
not be limited to one or two political leaders and their paid consultants.
National Laboratory scientists, DOE personnel and Rongelap officials must
be willing to participate in such efforts in an appropriate way.

go to page 2.
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In addition, although other islands in the Atoll are outside
the assigned scope of this project, I have taken the liberty of emphasizing
that studies and planning for them be kept quite separate from those for
Rongelap Island itself, so that return to Rongelap Island will not be
delayed. An additional project would center on several larger islands
which were more heavily contaminated than Rongelap Island, but which are
not customarily inhabited. There are, of course, many smaller islands, but
these are of secondary interest since they preumably lack water and have
never been a significant source of food.

Copies of this testimony for the hearings of April 19 & 20, 1989, have
been sent to:

(1) Ms. Kathy Johnson, Staff, House Appropriations Subcommittee
on Interior, B-308 Rayburn Office Building, Washington DC 2051s

(2) Ms. Sue Masica, Staff, Senate Committee on Appropriation
(Interior Subcommittee), 825 Senate Office Building,
Washington DC 20510

(3) Mr. Allen Staymen, Staff, Senate Committee on Energy and
Natural Resources, Washington DC 20510
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TESTI?iONY OF HENRY I. KOHN, ?JOVo 16, 1989

CHOUSQ Subcommittee on Insular b International Affairs, room 1324,
Lonworth Houso Office Building. 16 NW 89.3

I ●m Henry 1. Kohn, ●ppointed by Reptlar to reviou the DOE-1982
Report on the habitability of Rongelap Island. This uas done in
●ccordance with the Compact of Free Association Act, Public Lau 99-239,
section 103CiI. In ●ddition to DOE-1982, mY Reassessment Reports
considered other pertinent information ●vailable ●t the time of uriting
thorn [Preliminary Report, April ’88; Roporto July *88: Corrocted
Report, Rarch ‘891.

I have nou been ●sked to comment on the Proposal by the
Rongelap people - that they be given S6.6 million to set up ●n expert
committee uhich in the course of 1.5 years uould make ●, comprehensive
health ●nd radioIogic investigation of themselves ●nd their Atoll. The
results uould be used by 8 succeeding ●xpert committee to ●volve ●nd
●xeCUte 8 P18n to make Ronselap Atoll “safe” for habitation.

Let us consider some of the reasons given in the Proposal
CProvoscd Workplan For A Phase 2 Comprehensive Study, P b D
Technologies, 1989).

[11 The DOE-1982 Report uas urong in its dosimetric conclusion
that Rongelap Island-is “safe”.

[23 A complete detailed health evaluation should have been
made for every Rpongelav citizen (e.g. including chromosome ●naly$ls
•~~ -:nary plutonium ●nalysis). Special attention should have been
S..’e to infants ●nd small children.

[3] The radiation dose should have been ●stimated for ●ach
citizen individually.

C41 Additional soil contamination data from ●ll islands is
needed for proper dosimetry.

[53 The Bramlitt soil-decontamination process for plutonium
should be field-tested.

C61 Radiation-sensitive socio-economic factors should have
been defined ●nd ●valuated.

tly general conclusion Is that such ● vast plm 1s unnecessary,
●nd that it could not be ●ccomplished in 1*5 years~ it uould result in
delaying the return to Rongelap Island.

First. the Congress svocified that the habitability of
Rongelap Island - not Atoll - was to be ●xamined. The immediate crucial
issue, therefore, is to .stimat@ dosage from residence on that island
for nou ●nd for the future.

Second. The Reassessment Project found that the dose due to
residence on Rongelap Island uas uithin the permissible range [less
than S rem in 30 years) uhether based on the data supplied by the
Brookhaven or the l+urence Lfvermore National Laboratory. The tuo



laboratories used tuo different methods to ●stimate dose - diet
CLivermoreI. ●nd “uhole-body counting” Plus biochemical ●nalysis
CBrookhavonI. Their ●groemont nou obviatos tho necessity for
immediato comprohonsiw dietary studios.

Third, Although uithin tho practical permissible rang.,
particularly striking uwo tho original difforencos bctuecn Brookhaven
●nd Livormore doss ●stimatos for plutonium. Brookhaven has ●ttacked
the probl~m, snd tho results to dat~ on 47 urinas ●ako it clear
that urine-samplo contamination U8S tho m8Jor cause of tho
disagr~enont. I uould daro to predict that the prgscnt interlaboratory
●greomcnt uill hold for tho remaining
should bo completod by fil~ft), w~tis=sqan~s~ a

Fourth. Although the Reassessment Projoct concluded that
infants ●nd small children uould not be overexposed on return to
Rongelap Island, it recommended that further studies be done to provide
●ssurance on this point. Livermoro report UCRL 53917 (1989)
provides this ●ssur8nco for cesium-137 ●nd strontium-90, which ●ccount
for more than 90% of the doso. Further work on plutonium, houever, has
not been reported.

Fifth. I do not see the immediate radiological need for
cytogenetic (chromosomal) examination of ●very citizen, since ●t
current dose rates of ●bout 3 rem or less in 30 years the cytogenetic
technic is much too”insensitive. On the other hand, for psychological
reasons it might be uorthuhile to check individuals uho uere tested in
19648

Sixth. I do not ●greo that there is ●n immediate radiolo:::
need to study ●xhaustively the hgalth of every R~ngelap citizen.
●xtent ●nd timing of such ● program should be coordinated uith health
planning by Repflar, discussed in 1984 by RepMar’s report to UNICEF and
In 1985 by Rcptlar’s Socrotary of Interior & Outer Island Affairs. It
should ●lso be coordinated uith the health car. project by Brookhaven
●nd~ I believe, tho ●nvironmental monitoring projected by
Livermore.

Seventh* I ●gree that ●dditional planning ●nd son. field
studies uill noedod before deciding on ● courso of decontamination
for tha northorn islands of the Atoll, That. houevor. is ● separate
wostion from dealing uith Rongolap Island nou. I sussest that people
could return to RongQ18p Island ●nd uhile living thorc dovolop such
plans. I do not considgr tho Bramlitt Process suitable for us. ●t
Ronwlap Atolls $ocio-oconoaic factors presumably uould be included
●long uith. the wwiromental onos in the p:anning.

Eight. Uhethw or not tho Consross should ●ppropriate mon,y
directly for such projocts is not for ●e to judge.
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PREFACE

This edition of the Report, which replaces that of JUIY 22, 1988,
has been corrected for typographical ●rrorc. In ●dditioa, for Purposes
of clarification, ● paragraph has been ●dded to ●ach of PWes 2* 3* YO
23, 24, 62, 63 ●nd 83; ● sentence or phrase on pages 5, 15, 17, 27, 28,
33, 38, 40, 41, 44, 47, 6S, 76, 77, 78, 79 ●nd 92. These chanUe$ ●re in
brackets to identify them.

None of these changes modifies the intent or metning of the original
Repcrt.

In the Congressional Record of 31 Ott 88, p. E-3712, a resolution
includes the statetent that subsequent to the Reassessment Report’s
issuance (22 July 88), I hsve significantly changed my conclusions ●nd
positioris.

I have not done so, ●s this ●dition of the Report will show. I hope
that the minor changes and corrections I have ●ade will clarify the text
at certain points so that it will not be misinterpreted.

The main message of the Report can be had quickly by reading the
Abstract [page 3] followed by pages 43-44.
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that the minor changes ●nd corrections I have ●ade will clarify the text
●t certain points so that it will not b. misinterpreted.
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ABSTRACT

The task has been to detwaine whether or not DOE’S 1982 Report
proved that Ronge18p Islsnd is safe for habitation. Tho island was
contaminated an 1954 during the testing of nuclear weapons.

It should be borne in mind that tho dosage under discumion is
current dosage, •.u.~ from 1990 to 2020, ●nd mot that from ●xposure in
1954. The current [population]* dosage over ● 30-gear psriod is ● ●atter
of 3

have

diet
diet

rcn [or less], ~herou [that of 1954] was orm of 190 ros in 2 days.

The ●violence used by DOEplus ●dditional and ●ore recent information
been reviewed.

Rongelap Island is safe for habitation by ●dults provided that the
is ●quivalent to that formerly used. I do not believe that such ●

would present ●ny difficulty. [It comprises local plus Imported
foods . ]

.
Measurement of plutonium ●xcretion in the urine of Rongelap

residents (1981) [by the Brookhaven National Laboratory] shows very great
variation, [and it is quite inconsistent with studies by the Lawrence
Livermore National Laboratory]. The matter is a potential cause of
concern ●nd should be studied [now] ●lthough it is not ●ssociated with
overexposure.

The dose to infants ●nd SE*11 children is ●other potential cause of
concern. Preliminary findings from a diet survey indictte, however, that
the dosage is not ●xcessive. This study should be continued.

The whole-body counting for cesium should be rcsuned to ●stablish ●

base line for ltter work ●t the time of resettlement.

In the course of planning for [Atoll] rssottlesent, tbe fact that
Rongelap Island ●ppears safe for rosettlemcnt BOWshould not be lost
sight of.

Planninu for resettlement [of tbe Atoll] should consider the
possible use of potassius-salt treatBent of the soil aad soil removal ●s
studied ●t Bikini.

To obtain 8 brief susmry of tbe key ftcts of dosaue sad tbe sore
general, but importsnt humn factors tbst will ●ffect decision-saking,
the reader is roferrod to SOctlOn 4.5 (Dos. SuMary) and to 8cctioa S
(Discussion and Rocrnondatioas.)

[~e standards of safety in this Report - ●s is to ho expscted --
●re those ●mployed currently in the U.S., whero tho radiation protection
guide for tbe general population iS 5 ?ea in 30 mrs (.17 ?om/yr), *hole
body ●xposure (tochnicslly, the cmittod ●ffoctivc dom oquirsloat).
TM protective sctiom ~ide is 0.2 rex/yr to tho bone mrrow (eouittod
doso ●quivalent). These ssttors ● discussed hl!oto S.]

-ted sat~rial has Men ●dded to this •dit~on for clarification or
correction.

1
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1. INTRODUCTION

Rongelap Atoll was contaminated with radioactive fallout in 1954 ●s
● result of the Bravo thermonuclear test-thot ●t Bikini, 130 ●iles ●way.
In 1978, to infers the people of the Northern Marshall Islands of the
extent of residual contamination 24 years latert ●nd Of its Potential
effects upen their health, DOE (Departseat of Snergy) surveyed the region
and subsequently issued ● specially prepared book rsport in Harsballese.

The book was ●ntitled, ● Ifeanina of Ra&8tion f r Tho e Atolls in
the Northern Part of the Harshal 1 Islmds that were urveye;sin 1978.
●nd was published in 1982. (Ue shsll refer to it ● DOE-1982.) The first
part dealt in general with radiation and fallout, ●nd how they might
●ffectplants,animals ●nd ●an. the situation at Rongelap was dealt with
specifically on pages 38 - 39. (Note 1)

DOE’S assessment of Rongelap Isltnd was not accepted by the
Rongelap people, so such so that in 1985 the residents sbandoned their
ho=es ●nd moved to I!ajietoin Rwajaleia atoll.

The U. S. Congress, therefore, provided for ●n l~~ependent
assessment of DOE’S conclusions for Rongelap Island, zri the Compact of
Free Association Act of 1985 (U.S. Public Law 99-239, section 103(i); see
Note 2). The functions of the present report ●re therefore QS follows:

“[The referee shall] review the data collected by the Department
of Efiergy relating to the radiation lsvels ●nd other conditions on
Rongelap Island resulting from the thermonuclear test...The
purpose...shall be to ●stablish uhother the data cited in support of
the conclusions ●s to habitability of Xongeltp Island ●s set forth
in the [book] . ..aro ●dequats ●nd whether such coaclusioms are
supported by tbe data . . ..the..the data ●re inadequate to
support. ..hahitcbiltth e.the goserrmont of the ISarshtll islaads shall
coatract...[for] . ..s cospleta survey...[md for recommendations
of] . ..the staps needed to restore habitability...”

It should be noted that the law is quite specific in referriag to
Rongelsp Islemd, not Atoll, -d ●ccordingly this Xexrt ~nceatrates on
thst Island, the chief residence of tbe 8ongelap people. However, data
and commeatson other islemde of the Atoll ●t. included.

[The standards of safety in this Report -- ●s is to be ●pected --
●re those mployed cmrrmtly @ the U. 8., where the radiatiom ~rotection
guide for tbe geaeral population is 5 mm b 30?ears (.17 redyr), whole
body ●xposure (tecbmically, tho caaitt~ •ffecti~e tiomi~alent)”
The protective ●ctiom guide is 0.2 rodyr to th, bone ●rrow (committed
dose ●mivalent). These rotters ●re discussed 4nBote 5.}



1.2 Proccdur~

The sections of DOE-1982 that deal with Rongelap and ●re now under
review were discussed with DOE-1982’S senior ●uthor, Dr. Uilliam 8air
(P8cific llorthwcst Laboratories, Mchlaad, VA 99352), and Dr. Bair has
read, ●specially, tho parts of the Report referring to the=. It should
be noted that DOS-1982 is ● statomont by DOEand is ●lways reforrod to ●s
such in this Report.

Dr. William Robisoa (Lawroaco Liroraore National Laboratory,
Liveraore CA 94S50), who supplied tho field data and the dose
calculations for DOE-1982, has ~rovidod ●dditional data for the present
report, ●nd has discussed his findings with ●e.

Relevant Rongelap studies that were supported by DOE ●t Brookhaven
National Laboratory (Upton, New York 11973), were discussed with Dr.
William E. Adams, (Medical Department), Dr. Robert Conmd [Hedical
Department] ●nd Hr. E. Lessard (Safety & Environmental Protection
Division).

It was considered important ●nd ●fficient to bring together ●ll of
the data that ●re now available rather than to restrict this report to
the limited data on which DOE-1982 was based. With the concurrence of
the Marshallese Government, therefore, additional information fron
DOE-supported laboratories, that became ●vailable ●fter DOE-1982 had been
written, was made ●vailable to us by Adams, Lessard ●nd Robison. Also,
we have taken ● nwer of samples in the field ●nd have had them ●nalyzed
independently, in ●ccordmce with the wishes of the Rongelap people.

Other sources of information in the international literature have
been used ●nd ●re cited in the text.

We have ●lso discussed from time to time various ●atters relating to
the Report, or the progress ●ade in developing it, with Rongelap Senator
Jeton Anjain, P.O. Box 1006, Hajuro, Republic of the Marshall Islands,
96960.

The task has been greatly facilitated by Mr. Peter Oliver, Special
Assistant for Compact Affairs, Republic of the Marshtll Islands, P.O. Box
15, Majuro, 96960.

The Reassessment Report (the present document) was written by Henry
I. Kohn in his capacity ●s Refereo under contract with Repl!ar. The
opinions ●nd stategoats ●ad. ●. thereforo his responsibility. The task,
however, was greatly f~cilitatod by discussions with members of ●n
international pmmel of coasulteats, selected to re?rosent ● mrietyof
overlapping specialties that would co~er the probloms uadgr ●xamination.
Wing to time coastraiats, aoao of tho eoasultaats has read tho fiaal
fersion of this Report. All have road the Preliminary Report (April 20,
1988), ●nd I have discussed mrioas parts of the preseat documoat with
various consultants by correspoadeace mad ●specially by telephone.

0



The following scientists participated in the Project.

HENRYI. KOEN~Ph.D., I(.D. (radiation biology) GaiS*r PrOf@SSor
Emritus of Radiation Biology, Harvard ?hdical School; Chairxan,
Bikini Atoll Rehabilitation Coxxittee; 1203 Shattuck AvQ., Berkeley
CA 94709 (415-526-0141)

Secretary: Irene K. Eeller, Berkeley, CA

S. J. ADELSTEIN<N.D., Ph.D. (nuclear ●edicine) Professor of
Radiology, Harvard Mdical School; Director of Joint Prograx in
?Iuc3ear Medicine ●t Both Israel Hospital, Brighaa, ●nd Vomen’s
Hospital, Children’s liospital ●nd Institute, ●nd Dana ?uber Cancer
Center; Vice-President, National Coxxission on Radiological
Protection ●nd Measurements; 25 Shattuck St., Boston, M 02115
(617-732-1S35)

H. J. DUNSTER.B.SC., C.B. (health physics) ?or~rly Director,
National Radiological Protection Board (United Kingdom), ?lember,
International Commission on Radiological Protection; Residence: 52
Thamos St., St. Ebbes, Oxford, OX1 lSU, United Kingdom
(011-44-865-2S1-716)

A. S. KUBO,Ph.D., !!BA, P.B. (civil and nuclear ●ngineering)
Vice President, Technical Applications, The BDliCorp. 7915 Jones
Branch Drive, McLean VA 22102 (703-848-7294)

H. G. PARETZKE,M.SC., Ph.D. (radiation risk ●nalysis) Head, Radiation
Risk Analysis Section, GS? Institut fW Strahlenschutz (Institute
for Radiation Protection), Ingolsttdter Landstrasse 1, D-8042,
N.uherberg 222S ?odersl Republic of Germany GE-055
(011-49-893-187-222S)

?. L. PHER$ON, Ph.D. (hydrology ●nd geology) Professor of
Eydrology ●nd Chairman, Dept. of Geology ●nd Geophysics, University
of Eawaii, Sonohtlu, 91 96822 (808-948-7897)

U. J. SCEUL& Ph.D. (opidosiology: cancer, genetics, birth defects)
Directo~ of Cmtm for Doxographic and Population Genetics snd
Professor of Rus8n Gonotics, Univ. of Texas Bealth Science Center at
Houston; M’80?ly Di?@CtOr of the Radiation Research Foundation ●t
8iroshimwMagasaki, Jspan. Address: Population Wnetics, P.O.
80X 20334, Houstoa?X 7722S (713-792-4680)
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E. L. STONE,Ph.D. (soil science) Pack Professor beritus of
Forest Soils, Cornell University; Adjunct Professor, Dept. of Soil
Science, 2169 ?fcCarty Hall, Univ. of Florida, Gainesville, FL
32611 (904-392-1956)

~-ul ●ntst nosinated bY the Bona laD D● ●OD@

ROSALIE BERTEL&Ph.D., G.11.S.U. (bioactricitn) Miter in Chief,
Internatio~al Perspectives in Public Eoalth: Couissioner,
International Commission of Health Professionals, Geneva;
President, International Institute of Concern for Public Metlth,
830 Bathurst St., Toronto, Ontario ?15R-3G1 Canada
(416-533-7351)

UTEBOIKAT,If.sc., Ph.D. (radioecology), Mecutive of the Department
of Public Metlth, I’reio und Hansestadt Xuburg, Tesdorpfstr.8,
D-2000 Hamburg 13, Federal Republic of Gsraany.
((011-49)40-44195334). Dr. Boikat has been ● member of the
consulting firm of Kollert, Donderer ●nd Boikat of Bremen which
●ssisted in some of the ●nalytical work.

BERNDFRANKE,M.SC. (radioecology), Executive Director (Washington
Office), Institute for Energy and Environmental Research,
6935 Laurel Ave., .Takoma Park, MD20912 (301-270-5500)*

● The ‘Institute” is sDrivate consulting office.



2. BACKGROUND-- THEROIIIGELAPSXPERIZNCE

Ronwlap Atoll is located ●bout 2,S00 miles southwest of Bawaiit ●t
12@N, 1670S (Fig. 2 S1). It coa~rises sore than 50 low-lying islands ●nd
islets, total ●rea 3.07 sq. siles, which bound ● lagoon of 400 sq. ●iles.
The largest ●nd by far the sost important island, Rongelap, has ●n area
of 0.3 sq. ●iles.

The geological structure is that of ● coral reef ●toll resting on s
submerged volcanic 88ss. The islands ●re ●ade of reef debris, primarily
of sand ●nd gravel size, ●nd reef organisms.

The stoll is typical in sppewance, ●nd the islands ●re covered with
vegetation. However, s sajor factor limiting the kinds of plants that
can be grown ●s staples is the long dry season.

The Mrshall Islands Statistical Abstract of 1986, issued by the
Republic, lists the population of the atoll ●s totalling 235.
Previously, it was 165 in 1973, 189 in 1967, 264 in 1958. In 1954 ●t the
time of the Bravo incident, 84 persons were ●vacuated. (These
fluctuations reflect the need to work ●lsewhere.) Earlier records for
Japanese ●nd German periods of control ●re: 99 in 1945, 98 in 1935, 110
in 1920, 100 in 1906, 120 in 1860.

Eowever, Mr. Peter Oliver, the Republic’s Special Assistant for
Compact Affairs, hss informed ●e that the Rongelap Distribution Authority
now makes per cspita payments from its Nuclear ClaimsFundta 1,578
individuals.Currently, these wount to S1480 per year to those exposed
to fallout in 1954, ●nd $480 to others. The Council has ●lso determined
that 2,277 individuals qualify for the benefits of the Section 177Health
CareProgram●s ● result of their ties to Rongelap.

2.1 Bravo test -- 1954

The initial ●vent occurred on March 1, 1954, when ● 17-aegaton-yield
thermonuclear device was set off ●t Bikini Atoll, the Bravo test. The
device was 1000 times ●s powerful ●s the bombs that destroyed Nagasaki
●nd Hiroshima; its cloud rose 25 ●iles above the ●arth, ●nd ●fter 10
●inutes had ● diameter of 70 ●iles.

It had been planned that tht “cloud” would be blown to the west snd
north (Fig. 2.1 #l). Unexpectedly for whate~er reason (Mote 3), it was
blown to the ●ast so that ●t ●bout S hour# ●fter detonation fallout began
●t Rongelas Atoll, and during the ●nsuing 7 ~ur~ fell iB such uu~ntities
●s to suggest to Rongelapese, who had no~er sem snow, that it was
snowing (Sharp & Chapnsa, 1957). Bather than ●~oiding contact, children
played in the powdery, finely granular fallout, and no particular ●ffort
was ●ade to separate it froa food or clothins. No warning was or had
been issued by the 8ilit&ry.
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About 50 hours ●fter the “shot”, tbc JIavy removed the 64 Romgelap
residents fra the Atoll to the scdical base ●t Kwajalein (Sharp &
Chapman, 19S7; Cronkito W ●l, 1$S6) ~SO, ●ighteea Wi9itin#
Rongelapese were removed from Sifo Islsad, Mlingiaao Atoll, oad 157
Utirik people from Utirik Atoll. It was immediately recognized that the
surveillance ●nd care of theso pooplo required far more professional
staff than the baso could supply, aad ● special ●tdical tem hurriedly
orgsnized for this purpose h tho United States, utilizing naval md AEC
personnel, reached the base O dsys ●fter tho detonation.

Consistent with ● whole-body dose of 190 rom (over two days),
two-thirds of the Rongelap group ●xporicnced nausea, 10* with ~mitiag
●d diarrhea, which closrod withla threo days or so, ●nd ●ll showed
depressed white-blood-cell couats (Croakito ●t ●l, 1$S6). As ● result of
the skin dose froa physical contact with fallout, ●bout 708 dewloped
skin lesions of widely ?arying swerity ●fter ● latency period of two to
three weeks. Most of these were to heal successfully but ● few dereloped
significant scarring. There were no deaths within 60 days of ●xposure.

The ●ost “significant” part of tho initial ●xposure produced no
iamediate signs or symptoms. A half40zen thyroid-socking radionuclides
entered the body through fallout-contamination of food aad water. Over
the course of the following wcoks those iodine sad tellurium
radionuclides delircred doses that ●ventually caused thyroid hypofunction
●nd the ●ppearsace of thyroid tumors.

The Bravo test posed mew dosimetry probless, only mguely sensed
before. Owing to the gigantic ●nergy-yield ●t @round level, great
quantitiesof coralloid radiosctim ●aterial were geaerated (Riroshim
●nd Nagasaki had iatolwd high ●ir-bursts): 142 radionuclides were
involved whose radiations ●nd rate$ of decay varied greatly, sad whose
●ventual●ffects depended on the weather conditions sad the liviag habits
of the ●xposed population.

At the tise of wtcuatioa, tho oxposurc rat. in 8oagolsp tillage was
1.2 - 2.3 R/hour. The whole-body doso of “175 R ia ●ir” reported ia 1956
was ●pproximately corrtct. Tho doso ●stlmto for tbo thyroid eland,
however, was ●uch too low becmme oaly iodise-131 had bees considered in
the calculation. As ● result, tho ●ppoaraace of thyroid disease later on
was quite aaexpoctod.

h upuuda retimioa of thyroi4 dooe oos roportod ia 1964 wbea
iodise-133 aad bdine-135w or*ticludod. (Jams, 1964). The rewisioas of

‘1984 (Lessard ●t ●l, 3$85; Lossud, 1984a)~ based oa ● comproheasiwoly
plsaaed ●ttack on th8probla (Mad ●t al, 1978), put tbemosa ●dult
whole-body doso ●t 190 ro8. TM rwiood total doso to th. thyroid gland,
including cootributi@8 from 821 sown hportaat rsdioauclide~ Tas
greatly iacreaaed -d tuiod simficsatly with age ●t oxposaro ia 19S4
-- froa S,200 ro8 for ● oaeyouold to 1,600 r88 ●t ●uo 14, aad 1,200
rem for the odult 8s1.. It was cstimatod that 95* of tie thyroid dose was
received during the f$r8t three post-oxposuro weeks, and 1008 within
three months (Rote 4).



2.2~eturn to Rona018B .

TM AXC(Moaic SnergyConisslon)~/ dccisioa that Roneslap bad
become safo WU buod on field data by tho Radiation Scolouy Labor~to~,
University of Vuhington Collogo of ?ishories, and doso calculations by
MC staff. ~OS 19$? tho 8anual Oxtoraal guna”doso” ●t Boagdap Island
was cstimatsd to bs 1.ss thsm 0.5 roentgea, tho maxims porsisaible for
tho uonoral population, and it was ●poctod to docllno owiau to physical
decay. Boworor, tho ABC ●susm.nt wu inadsquato with rospoct to
internal dosage ruultins froa contuhtod feed (Mote S and Jloto11,
t8blo 2).

In 1957, thcreforo, the BoagelaD pooplo roturnod to Rongelap Island.
In March 1958 thero wore $1 psrsons there who had Men ●xpmed on
Rongolap or Ailiagnao, and ●pproximately 100 othors who had not.

?0 UWicipatc any late ●ffects that sight follow the 8Cutc •X~SUr9S
of 1954, tho ABCcoamissiomd D?ookhavoa Ratioaal Laboratory’s Modlcal
Division to ●stablish the Marshall Islands Hodical ?rog?u, *hos@ stiff
hu visited the Rongohp Dcoplo onto or twico ● you sinco 1957 (Note 4).
Since Ron@ap soil still containod low levels of radlonuclides which
●ieht ●nter the body throush tho food chain, tho progru included
●quipmoat to ●ouure radioauclidos within tho human body (whole-body
counting). Since 1978 tho counting progru has boon opmated by
Brookhaven’s Safety & Bnvironxental Protection Dirision.

2.3 Ronaela~: 1957-1987

The ●edical findings woro susxarizad or updated by R. A. Conard, who
lod the whole program for ●anyy.ars (Conard ●t ●l. 1958; 1975; 1980) ●nd
●ore recently by Adus ●t ●l (1984). The status of tho dosisotry,
originally included ia tho Conard reports, hu been ●ore recently
reported on by Lossard ct ●l (1984; 1985). In brief, on tho basis of
these reports, the following ●quonce of health-rolatod ●vmts occurred
over tho past 30 yous.

125Mz. dnong the usual problus in the Xsrshall Islands wero
parasitism, chronic skin diseua, diabetes ●dult-onset type II, ●nd bad
tooth in ●dults, and ● variety of infant and childhood diseues including
infant diarrhea.. Tho vast majority of skin reactions to radiation had
disappoarod without soquolao, sxcopt for scarring 18 thomost heavily
Irradiated cues. So skin caacors woro obsorvsd. Two possiblo Qxamphs
of radiation ●ffocts occurrod. First, it wu roportod that about twlco
● ●any abnormally torminatod prsgnanciu occurred uong tho ●xposod
parrots u would bs oxpoctod normlly. 80COB4, two boys showod ●rkedly
stunted growth, suggosti~ thyroid deficiency.

11 Yho ABCwu tho prodocossor of DOZ.
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1964-75. Unquestionable dasage to the thyroid gland, ●specially to
those ●xposed below the age of 10, ●ade its ●ppearance. A reexamination
of earlier ●stiBates of dose to the thyroid gland led to their olevttion
by ● factor of ●bout 2 for ●dults, and S or more for children. The
●dministration of thyroid hormone (interrupted on occasiom) to the satire
●xposed population was beuun in 196S ● ● prophylactic ●easure ●gainst
thyroid neoplasia (nodules, cancer), ●nd ●lso to correct for possible
losses in thyroid function.

By the ●nd of 1974 (Fig 2.3 # 1), the thyroid tu@or record was ●s
follows:

fig● below 10 in 1954: 17 tumors in 19 persons ●xamined,
including 1 cancer.

m e 10-18 Y●ars in 1954: 2 tu80rs in 12 persons ●xamined.

Age above 18 Years ia 1954 : 3 tumors in 33 persons
●xsmined, including 2 cancers.

Almost ●ll persons with thyroid nodules were sent for surgical
treatmentto the Cleveland lletropolittn Ifospital, Cleveland, Ohio. Each
one was compensated ●t the rate of S25,000 per surgery.

The occurrence of thyroid disease ●s well ●s a case of ●cute
leukemia worried the Ronge18p people. The ●edictl team was ●ccused of
havingdeceived the Rongelap people ●nd of using them ●s guinea pigs.
The Brookhaven ●edical services were boycotted during 1972, but they uere
accepted later in the year ●fter ● [relatively] favorable report on the
Batterby ●n international couittee.

>976-79. More thyroid nodules ●ppeared. The Boagelap people
continued to be uorriod. They ●sked for ● iadepeadent health review
which was not @ranted. A group of Brookhavon scientists proposed ●

comprehensive dosisetry review (Dend ●t ●l, 1978), which DOEthen funded
(Lessard, 1984a; Lossard ●t ●l, 1984c: Lessard ●t ●l, 1985).
Independently, DOEinitiated ● “Northern ?larshall’s Survey” based on ●n
aerial survey by W&G●nd some terrestrial work by Lawrence Livermore
NationalLaboratory (Robison ●t ●l, 1980; Robison ●t ●l, 1982b; Tipton
& Meibaux,1981).

J980-M. DOZmmsrizedits surrey results in 1$82 with ● report in
ISarshallese, ●mbellished with eolorod illustrations. (This is the book,
DOE-1982, under rcriew in the present report. Me Hotc 1.) DOE-1982
statedthat the U. S. radiation guide was S rcs in 30 ~oms, snd that the
current whole-body dosago ●t Roagelap Island was 2.5 ros in 30 years. On
some other Ron@slap-Atoll islamds mot -cd for pormsnemt residence the
dose Eight b. 2 to S times ●s ●uch. Tho 8oagolap Nplc roquestod the
Government to transfer thea toaaother ●toll. Significant parts of the
anti-nuclom documatsry film, ~alf-Li& uero filmed ●t RoagelaB. The
film suggested that tho people had km used 88 “@uinoa pigs”.



?iguro 2.3 #1. L8toncy period for ●ppoaranco of thyroid nodulos
rolatod to thyroid doso rocoirod in 1954 ●t
Roagolap thilingaao, and Utirik. Details on
thyroid dosage uo uiTen in Tablo M.4 #2.

(~iguro courtosy of W. 8. Ad888, DrookbaTon Hational Laboratory)
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~. The Rongelap people ●bandoned Rongelap ●nd sailed for I!ajieto
Islandin Kuajalein Atoll. The U. S. Congress passed the Compact of ?ree
Association Act of 1985 {Public Law 99-239) of which Section 103(i) is
the basis for the present inquiry (Mote 2).

~ The following points ●re of ●ajor interest for the present
report.

(a) A clear distinction should be ●ade between the late ●ffects of
the large ●cute ●xposure in 1954 (190 rem whole-body) ●nd the possible
(but ●s yet undetermined) ●ffects of the ●uch smaller chronic dose since
resettlement in 19S7-1978 @3.5 rem or less). [(Note 11, PP. 74&75)l

(b) The original tose ●stimates for the 1954 ●xposure were such too
low for the thyroid gland (Cronkite,1954; Dunning, 1957). The necessity
formajor correction later on weakened or destroyed Rongelsp confidence
in DOE. The ●nnual radiation doses during the first years of
resettlementmay ●lso have been underestimated,but the corrections would
be very much smaller. [OJote 11, pP. 74 fI 75)1

(c) The occurrence of thyroid tumors ( *30t) 10 years or later
●fter returning to Rongelap(Fig.2.3 +1;Note 4B) has been ● confusing
●xperiencefor the Rongelap people. In ●ddition, ●ight cases of
hypothyroidismhave been observed (Adams 1988).

(d) No significant increase in tumors outside of the thyroid gland
was noted (Adams ●t al, 1984) in the 81 persons●t risk. [Anup-to-date
summary is ●xpected from Brookhaven ●arly in 1989 ●nd will deal
specifically with (a) tumor data in the 1954-exposed ●nd 1954-unexposed
groups,●nd (b) tumcr data ●s affectedby the duration of residenceon
Rongelap Island after resettlement in 1957.]

(e) No obvious gross difference in survivorship between
1954-exposed●nd 1954-unexposed groups has occurred (Fig. 2.3 #2).
Althoughstatistically significant decreases in some blood-cell types
have beennoted (Adams et 81, 1982), none has been clinically
significant.

(f) Based on four parmeters (longe*ity, thyroid nodules,
carcinoma, blood coumts), there is DO ●violenceof ●ffectsfromthe
chronic low-lovol ●xposure ●ssociated with length of residence on
Rongelap since 1957 (Mote 4). these studies ●re ●dnittedly exploratory.
Eowever, the ●verage dose owr the period 1957-78 is quite ssall (3.5 rem
or less), ●nd will be ●ccumulated ●t ●ch lower rates In the future.
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3. RZASSESS?SENT

With the foregoing ●s background, let us
questions which the Congress has ●sked: Mere
correct (Robison 1982b)? Does it follow that
not, what should be done [Mote S]?

BOW ●ttesptto ●nswer the
the doses used by DOE-1982
Rongelap is habitable? If

It should be notod that the technical position has chamged since
1982. More data htve been ●ccumulated so that tho original seager
sanpling has become ●ore robust. 18 ●ddition, we shall consider the
findings of the Brookhsven national Laboratory, using ●n important ●ethod
which DOE-1982 did not consider, ●nd ●lso our own findings.*

The data base ●mployed by DOE-1982 comprised the results of the
ltorthern Marshall Islands Survey of 1978 (Septe8ber-Norember) which had
been plsnned ●s ●n ●eritl reconnaissance to ●ap ●xternal gamma-ray
●xposure rates (normalized to 1 ●eter ●bove ground level) (Tipton &
l!eibaum,1981). Two helicopters were ●mployed, operating from s major
support vessel, the U.S.N.S. Wheeling.

Subsequently the Li?ermore Laboratory program W*S ●dded to obtain
soil, vster, vegetation ●nd fish samples ●t each ●toll “as time ●nd
facilitiesmightpermit” (Robison @t ●l, 1981, Part 1). The time spent
●t RongelapAtollpermitted7 days for 9 islands,of which the ●ajor one
was Rongelap.Operating from ● large ship that had to cruise ●t s
considerable distance offshore, ●nd whose primary function vu ●erial
reconnaissance, restricted the terrestrial work significantly.

The radionuclides dealt with were five: cesium-137, vhicb is
distributed throughout the body; strontium-90, ● bone seeker; ●nd the
very poorly ●bsorbed plutonium-239.-24O and americiua-241, which have
very long half-lives ●nd which ●re tightly bound by bone, liver ●nd
testes (Table 3 #l).

The Livermore group took soil samples fros some 25 scattered
locations on Rongelap Island ubose ●mrages (picocuries/gram) for 0-10 cm
depth were: cesium-137, 12; strontium-90, 7.1; plutonium-239,-240, 2.6;
●mericium-241, 0.9 (Table 3 #2). These 1978 levels were ●bout twice
those for Eneu, Bikini Atoll.

This soil contadnstion prorided the basis for human ●xposure in two
ways . Radiations that ●manated frog the ground or standinu sogetation
led to ●xternal dose. Radiations that ●manated froa food -d water ●fter
●ntering the huaan body were responsible for internal dose.

● B. ?ranke states that tho enabling l~gislation calls for stady of
only the original findings and r~port. A second conittoe should
consider subsequent findings, and ● third @roup should execute its
rocommendttions.



Tho total doso receiv~d was tho sum of tho ●xternal sad internal
dosos. Tho Qxtornal wholo-body dose vu ●stisated by ~~asuring tho
●xposure in ●ir (e.g., ●t 1 ●otor ahovo grouad) and ●pplying ● factor
based ultimately on ●easureacnts with phaatoaa to tho 8etor reading. The
Internal doso was ●stimated by tho Livorxoro croup on tho basis of ●n
●ssuxed diet ●ad tho ●n~lysis of the radionuclido coatoats of Rongolap
food products ia it.

Tho lagooa ●ad its fish woro found to b. ● tririal sourco of doso.
Ground watar (well water) was sa unimportant sourco, siaco its ●ctivity
was very low sad, ia ●ny cu., tho peoplo relied homily on c~tcknt of
rain rather than WC1lS (Noshkia ●t ●l 1981).

Before considering tho dsta, tho aoaprofossioaal reader may wish to
consult Mot. 6 which ●xplaias tho radiological usago of such toras ●s
exposure ●nd dose, ●ad tho dofiaitioa of their units. It ●ay 81s0 ho
notedherethatsy use of the ters whole-bodydoso (internal) usually
signifies the comxitted ●ffective, doso ●quivalent; tho tissue doso
(internal) is usually tho coxxitted doso ●quivalent. DOE-1982 used
integral doses calculated by the Livermore group, i.e., tho ●nnual dose
(not coaxitted dose) for ●ach year was suxxed for the period of ●xposure.
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TABLE3 #2

ROMGWAPISLAND: RADIOMUCLID1SOIL PROFILXSm/(1978)

I
Depth

(cm)
I

I 5-1o

10-15

~ 15-2S

25-40

0-40

Numberof
I profiles

Avarago s

cesium-137

15

9

5.4

2.6

1.8

5.?

27

Strontium
-90

6.9

7.7

6.7

4.5

2.1

4.6

20

t

3.2 1.0 “

2.0 .78

1.1 .41

.35 .18

.07 .08

.89 .3s

la I 17 I
I J

●l The 1978profiles●re fromRobison●t al, 1982, Part4, AppendixB.

22



4. DOSE

DOE-1982reported doses for persons living on RongelapIsland for
the period 1978-2008 ( for the corresponding period 1990-2020, they would
be 25* loss):

(a) The “highest ●verage mount of radiation the people ●iffht
receive in ●ny part of the body” was 2.5 rem (over 30 years). I tmke
this to bc Li-ermore’s “integral dose” in which ●ach year’s dellvory is
summed for 30 years (Robison ●t ●l, 1982b, Table 17). X will compare it
to the committed whole-body dose (rem) for 30 years (i.e., the committed
●ffective dose ●quivalent for s stmdud man).

{b) The corresponding bone ●arrow ●verage would be 3.3 rem (Robison
●t al, 1982b, Table 14). I take this to be the marrow “tissue dose” and
it is ●pproximately ●qual to the coxmitted dose ●quivalent,

DOE-1982 statedthatthe doses ●re based on the condition of “local
food only from Rongelap Island” (Note 1).Q Bowevcr, the doses in fact
had been calculated by the Livermore team (Robison, 1982b) for the
communitytype B diet (Naidu ●t ●l, 1980). That diet involves the use of
importedfoods brought in on ● regular basis by supply ship to supplement
local produce. Without such imports, the doses would be higher.

DOE-1982 used the Livernore findings,but failedto utilizethose of
Brookhaven Nttional Laboratory. These included whole-body counting to
determine cesium-137, ● ●ethodsuperiorto that which calculates dose
from the diet.

More recently, Brookhaven’s results with tho fission track ●ethod to
determine plutonium in urine, and from it the coxmitted ●ffective dose
●quivalent,have yielded doses which disagree with those of the Lawrence
Livemore Laboratory btsed on diet. This will be discussed.

[*Dr. Bair has since inforaedme thtt thequotod text should be
interpreted to ●ean that the diet contained imported food sad local food
only fros Rongelap Islsnd. DOE-1982 inadvertently did not ●ention the
importod food.]



4.1 External Dose

Tho 1978 ●erial survey (TiBtoa & lloibaum, 1981) provided DOIwith
importtnt iaforaation on ●xposuro to fallout in the Morthorn Marshall
Islands. As the survey proccodcd south ●nd ●ast froa Bikini Atoll, th~
seat of tho Bravo shot, the ●xternal ●xposure rate !.11 ( Table 4.1 #l).
It was calculated for 1 meter above ground lovol.

At Rongelap Atoll (?igure 4.1 #l), tho islands foil into four
exposuro groups (aicroroontgons pcr hour) from north to south: Men,
Yugui, Losuilal (28-43 pR/h), Eniaotok, Kaballo, Oogaa (10-27 pR/h);
Busch, Dorukka, Gabclle, Tufa (5-9 @/h): Rongelap cnd &bar (4.1-4.5
uR/h) .

Th~ ●xternal doso (whole-body), was calculated from ●xposuro by ●y
●ssuning1 romtgen = 0.7 rom tissue dose (Kerr, 1980; U.11. 1982). For
Rongelap Island the ●nnual dose was .028 rem, well below tho EPAguide of
.170rem/year;8 othersajorislandswere●lso below tho guide (Tsble
4.1 #l).* The ftctorof 0.7 rem per roentgen was used to ●now for the
[possibly] smaller size of the Rongelap [population] ●nd tha ●any
children.The conventional value for the 70 kg standard Ban is 0.61.

There is ●lso ● shallow dose to be considered, that due to beta rays
which travel for short distances (( 1 cm) into thoso parts of the body
that are near or in close .contact with the soil ●nd that ●ro unshielded.
Their contribution is considered to be negligible (Note 7).

These ●stimated ●xternal gamma-raydoserates●rc maximal ones.
Indoors the rate is reduced by ●bout 508. Likewise, the rate is reduced
by ●bout 50* in the immediatevicinityof houses owing to the coral
gravel that is spread ●round them (Singleton ●t ●l, 1987 ●nd Robison ●t
●l, 1982b). This, of courso, is import~nt in the case of infants ●nd
small children.

Other ●nnual contributions to ●xternal dosage which ●re ~ included
come from cosmic radiation (.028 rem) ●nd medical ●xposure.

In summary, the contribution of fallout to the total ●xtornal
radiation doso ●t Rongelap Island in 1978 was ●pproximtoly .028 rom per
year uncorr~cted for the shielding within or ●round buildings, which
would decrease the rat. by S08. The 30-year whole-body doso would b.
.590 rem ●llowing for spontaneous decay, but not shielding.
Environmontsl decay such ● leaching of rtdionuclidos from tho soil would
reduce this ostimato still ●ore, but was not ●llowod for.

[* Basedon tho mnnualdoses in Table 4.1 01, tho Lukuon@roupof
northern islands ●xceed tho radiationprotection guida (Moto S) on the
basis of ●xternal doso ●lono ●nd tho Sniaetok group ●DDrOaCheSthis limit
(.17 rem/yr).
recommend thtt

Uith the internal dose ●lso taken into-~ccount, I would
no islsnds b. inhabited north of Borukka ●nd lniaotok.]
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TABLE4.1 #l AVZRAGZKxmm EXPOSUREANDEXTERMALDOSERATM(1978)
(gaM8a rty) ?OR ISLANDSAPFECTEDBY BRAVO FALLOUT

(The 1990 doses will bo ●DDrOXi8at@lY7580f tho$o fOr 19780)--

Atoll ●nd
Raforonco

Bikiai Ato~
Tiptoa & Moibma

Singleton ●t ●l

RongelaB Atoll
Tipton & Heibaum

(1981)

(1987)

(1981)

Paretzke (Note8)

Greenhouse & Hilten-
berger(1977)

AilinanaeAtoll
Tipton& lfeibaum(1981)

Paretzke (Mote 8)

YtirikAtoll
TiDton kXeibaum(1981)

Island

Eneu
Bikini

mm
Bikini

Rongelap

Arbu

Busch, Tufa,

I

Year

1978

1986

1978

Borukka,Gabelle

Eniaetok,ltabelle,
Gogan

Lukuen,Naen, Ywui,
Lomuilal

Rongelap

Rongelap

Sifo

Hogiri
Enibuk

Utirik

1987

1977

1978

19876’

1978

8/
Exposure

(gaua)

●icrorocnt-
gens/ttour

2.7
3s.0

--
--

4.5

4.1

5-9

10-27

28-43

b/
Dose

lwholo-body)

redyear

.017

.215

.018

.160

.028

.025

.031-.05s

.061-.166

.172-.264

4.1 (7)c~/ .025

3.6-4.5 .022-.028

1.4 .009

1.3 (1) ●008
2.2 (1) .013

0.8 I .005

8/
Measured at 1 ●ater●boveground level, eorrocted for cosmic rays.

b/
Annual, whole-body doso (milllrom/year) calculated ●s ●qual to 6.13 x
10-3 x pR/hour. ?or tho ●pidormal-

c/
The average of 7 locations ranging

dl
Corrected for decay back to 1978.

26
—

doso, S00 lbto 7. -

from2.2 to 4.6 yR/hour.

See Note 9.



4.2 Internal Dose - Laure nce Livermore Matlonsl Laboratory

Lawrence LiverBore ●ttackedthe problem by determining what went
into the body by ingestion ●nd inhalation (picocuries per alar) [Table
4.2 S2],, ●nd then ●pplying ●ppropriate factors to such input (exposure)
to obtain the dose h rem. The particular ones I have used ●re ui?en in
Table 4.2 #l.

The ●ajor uncertainty of the ‘input” ●ethod lies in the diet--no one
knows precisely what it is, ●lthough several ●ttempts have been ●ade to
define it. DQE-1982 used the BHL community B diet, i.e., one involving ●

greater ●mount of food and ●lso ● greater input of contaminated food
(Note 8). Maidu ●t ●l (1980) who originally described it commented that
the diet represented ?repcred, not ●eten food, ●id that in fact it was
more than ● person could●at. Thisresultsin overestimationof dose.
Tbe Lawrence Livermore group that used it for dose calculations
concurred.

The 1978 specific ●ctivities●easuredby the Liveraore team were
madeon 21 ssmples of coconut,S of Pandanus, 1 of breadfruit, 1 chicken,
2 pigs●nd 98 fish, on the whole ● barelyadequatenumber (Robison●t ●l,
1981a,1982b). In 1986,however,thatLaborStorytook for ●nalysis●ore
than75 samplesof coconut,●ore thsn10 of breadfruit ●nd some others;
the resultswere in ●g-reeEent with tbe ●arlier ones, ●nd ● suMarY Of ●I1
data is shownin Tsble4.2 #2, calculated for 1990. [(See ●lso
Table 4.2 *2, p. 26, in Preliminary Report.)]

Since the Rongelap people have ●xpressed doubt ●bout the reliability
●nd honestyof Departmentof Energyscientists(e.g.,those from
Brookhaven ●nd Liver-ore), ● comparison trialwas curiod out in December
1987 in which ssmples collected at Rongelap ●nd Aillnginae in the
presenceof Senator Anjain ●nd others were divided among several
laboratoriesfor ●nalysis (Livermore, Breaen, Neuherberg (Munich) ●nd
Berkeley).The results demonstrated ●greement (Note 9).

ULi!4!B” I u taking 3,400 pCi/d (in 1990) ●s the ●xposure due to
cesius-137, based on ● total for foods listed in ?sble 4.2 #2 plus● 108
sllouance for s ●iscellaneous variety of others (Mote 8, Table #l). The
whole-body, red ●arrow snd bone surfaco doses [30-year] ●re just about
●qual, 1.26 rem (based on the factors given in Tsblc 4.2 #l).

~ontim. The strontiuw90 ●stimat@s for 1990 ●re based on the
1978 samples: X have been unable to Ioarn hov ●uch more work has been
done since than. I am therefore taking 21.8 pCi/d buod on field samples
plus ● 258 incrosent for othtr siscellsmous foods. The total ●xposure
iS 27.3 pCild. The M-year doses ●: ~ole-hedy, .025 rea; rod
●arrow, .137 r-; booe surfsces, .300 rem. (Scaled bsck to 1978, they
would be 33* sore.)



~ransuranics.Based on Table 4.2 #l ●nd the plutonium-239,-240 ●xposure
of 0.293 pCi/d, the 30-year doses are: whole-body,.011 roa; red
marrow, .017 roa; bono surfaces, .214 rem. TM mmricium dosos will b.
358 Of the PIUtoniUm-239,-240 On@S. the total transurmnic dosage is
therefore.015r.m, wholo-body.

UateE. In tho caso of catchmoat water (Noshkin ●t ●l 1981), the
radionuclidelevels●re no higher than 38 of tho guides. In tho cas. Of
ground water, the smme is truo except for strontium-90,whoso 1.-61 is
●bout 2S8 of the guide (8 pCi/liter).(Thoselerelshavebcoa scaled to
1990.)

Jnhalatioq.It is tho transurmnicsthat ●rc of consoquonce. l%.
original●stimateso! respired dust wore v~ry much too high (Shinm ●t ●l
1980) ●nd they havo been reduced to sako then moro realistic(Robison
1988). The matteris discussed in Note 10. taking the daily intaketo
be 0.006pCi/d, the 30-year ●dultdose is .027rcm whole-body, .041to
the red marrow, ●nd .005rem to the bone surfaces.

Summary. Tho individualdoses [for cesium ●nd strontium] have
been multiplied by 1.33to scalethem backfrom1990to 1978,the year in
whichDoE-1982’ssmmples were collected.It shouldbe recalledthat the
following●stimates depend directlyon the●ssum~d diet.

~iuermore Adult 30-year Dose
(type B communitydiet)for 1=2008*

Source Whole-bodydose Red marrow dose
(rem) (rem)

Inhalation .027 .041
Internaldose
-cesium-137 1.673 1.673
-strontium-90 .033 .182
-transuranics .015 .023

Externaldose ~ ~

totals 2.34 ●* 2.51***

Dot-19a2 2.500 3.300

● To convort1990 to 1978,multlplyby1.33 [for cesium m.ndstrontium.]
● * Committed ●ffective dose ●quivalent
●** Committeddose ●quivalent
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4.3 Internal Doss - Brookhavon N●tional baborato~

Cesiuq. It is ● curious fact that Brookhaven’s studios wero not
utilizedby DOB-1982. Brookhaven had choson whole-body counting, ●

definitiro ●ethod indopondont O! assumptions concerning diet, to follow
cosiuB in tho Rongolap population (Conard ● ●l 1980: Lossard 1984 b,c;
Hiltenbcrgor ●t ●l 1980), md oa@ of primary isportanco la tho present
case whoro cosiuB ●ccounts for 9St of tho doso.

Tho cesium-137 body burden foil frog ●bout 670,000 PCl in 19S8-6S to
●bout 175,000 pci in 1979. It is of interest that body burden fell by
758 la 20 years, whereas the half-lifo of cosium is 30 years. ?orhaps ●

chango in ●ating habits or ● lwgor degree of ●avironmontal loss of tho
radionuclido thaa has boos ●stsbllshod woro ●t work.

In ●ny ●vent, tho Brookhwa ●stimates for wholo-body doss (1978)
●re .027 rem, ●nd for tho ●asuing 30-gear period .24S rem (Mote 11,
Tables 1,2). The 30-year doso was calculttodby extrapolatingthe curvo
for tho prwious dozen years.

A nor.consorvativo●ssumptionwould b. that tho doso will fall only
as ● resultof spontaneousdecay by cesiun-137. In this cas., the
30-year doso would b. .56 res for wholo-body, red ●arrow ●nd bone
surfaces.

Ue do not have ●n independent field check on the ●ccuracy of
the whole-bodyfieldmeasurements. The point may be sade, however, that
it was this team that discovered the precipitous rise in body-burden of
the Bikini settlersin 1977-78 ●nd who therefore calledfor theirremoval
from Bikini Atoll (Conard ●t ●l, 1980; lfiltenberger ●t ●l, 1980).

Strontium. Strontiu8-90daily ●xcretion was determined by urine
analysis●nd the couitted effective dose ●quivalent calculated
therefrom.Three autopsies have confirmed such calculations (Conard et
●l 1980,p. 115). The ●nnualwholo-bodydose for 1978 was less than .001
rem (Note 11, Table 2): the subsequent 30-year committed ●ffective dose
based on spontaneous decay ●lone whould be .015rem. The corresponding
tissuedoses ●re: red marrow, .079rem; bonesurfaces,.179 rem.

Transuranics. Although oaly 104 of some 270 determinations havo
bees looked ●t, it is clear that tho results cannot M used ●s they stand
now. A full discussion is preseatd in Not. 12; hors wc deal briefly
with the conclusions.

Plutonium-239 was measured ia urine samples, collactod in 1981 ●t
Rongelap, usiag tho fissioa track ●ethod (ORAU,1987). TIM data ●ppear
to b. bimdally distributed ovor 8 rang. ●xteading frog 1 x 10-e pCi/d
(the practical li=it of dotoction) up to 5 x 1~~ pCi/d. lleithor sex nor
●ge tppears to play ● prisary rolo ia determining this result.
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The oral intake●ssociatedwith the saximumurinaryoutput wouldbe
38 pCi/d of plutonium-239, or 76 pCi/d of the three transuranics
(plutonium-239,-240;●ericium-241). It wouldseemimpossibleto cat

this●uch; the minisux quantity would be S.6 kg of clams●?eryday (Table
4.2 #2). The 30-yearwhole-body do#e from 76 pCi/d would be 2.96rem.

On the other hand, the ●edian excretion of ●bout 1 x lb~ pCi/d
wouldrequire ●tting 1.2 pCi/d of ●ll three transuranics. This would be
about 3 times the currently ●stimatedoralinputusedby Li~eraoretbased
on the communitytype B diet, ●nd presumably wouldbe possible.The
30-yearwhole-bodydose wouldbe .045 rem. It is curious ●nd 8~Y be of
somesignificancethtt the ●edim of such ●n ●xtendeddistributionshould
be within● factorof three of the diet ●ethod’s single ectimate.

Sunmary. In summarizing the Brookhavenresults,two●stimateshave
beenmade to coverthe uncertaintiessurroundingthe transuranic
determinations,one basedon the ●edian, the other based on therange
from minimum to maximum.

~rookhaven

Source

CesiuE-’l37:

Strontium-90:

Transuranics
- ●edian
- range

Externaldose:

Total:o
- range

JO-Yeer(1978-2008)*Adultdoses
Uhole-bodW* ~88rrow***

(rem)

.S60

.015

.045
.005 - 2.96

.s9

1.21
1.17 - 4.13****

(rim)

.560

.079

.068
.008- 4.33

.59

1.30
1.24 - [5.56]

● Mot including inhalation
● * Coxxitted●ffective dose ●quimlent
● ** Coxxitted dose ●quivalent.
88s* ~e •st~~t~ falls M1OWthe 5 rem @uiUe for SOyears●venwhen the
saximux trsmsuranic●stimsteis used - one which wouldsppearto be
dietetically ~ssible.
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Figure 4.3 #1. Adult cesium-137 body burden ●s a function of time
sinceresettlouentof RongelapIsland in 1957.

the ●aintenance o! tho body content depends on the radionuclide
intako from the diet. The physical halt-lifa is 30 years; tho
physiological half-life is 110 days in ●en, 80 days ia wmon, ●nd
1.ss in youths ●nd children. (1 Bequorel = 27 picocurics;
1 naaocurie = 1,000 picocurlcs) Th. mainteaaaco of th@ sP@cific
●ctivity of 1 pcilg ia soft tissue for 1 gear gives rise to ● dose
of .01 rem.

(Figure courtosy of E.T. Lossard, Brookha?oa National Laboratory.)
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4.4 Infant Dosage

The doses that have been under consideration ●re for ●dults. In the
case of children and infants,the doses sight be different owinu to
variations in (1) physical ●id physiological processes ●nd (2) dust●nd
diet.

Physical ●nd ~bmiolouical factors. These variables ●ffect the
conversionfactors in Tables 4.2 #lA & #lB. ?or ●xsmplo, tho smaller
size of children cm diminishthe fraction of gsmma ray ●nergy mbsorbed
in the body: the residence time of the radionuclide in the body ●ay be
less than in ●dults: the fraction ●bsorbed from tho gut ●ight be such
more. Furthermore, ● long-lived radionuclide depesited in the body at
●ge 6 ●onths will be diluted by growth so that its “picocuries per grsm
of tissue”, on which ● doso depends, will fall significantly with time.

Table4.4 #l, based on the United Kingdom MRPBreport (1987b), ●nd
consistent with the recommendations of the ICRP (International Commission
on RadiologicalProtection),shows that the corrections for children●re
wellon their way to disappearing by age 10 y, but ●re important in the
firstyear or so of life. The correction for cesium-137 is ●n increase
of not ●ore than 20S, but that for strontiumis ●bout 3.6-fold. For the
transuranics, it is 2.4-fold for inhalation during the first year, but
for inffestion it is 22-fold for ●onths O-6, ●nd 2.1-fold thereafter in
that year.

These factors ●re for committeddoses which in the case of children
●ged 10 and less are calculated to ●ge 70 years ratherthanfor the
standardizedperiodof 50 years in ●dults. For sadionuclides with short
physiologicalhalf-livessuch●s cesium-137(lessthan110 days),thisis
of no consequence. But for the transuranics withhalf-livesin liver●nd
bone●arrow of 20 ●nd 50 years, respectively,the ●xtra residence tise
●dds to the 50-year committed dose.

In general It would be ●xpected that the smaller intake of children
●nd infants will compensate for the increased size of their dose-factors
compared to the ●dult ones in Tables 4.2 #lA & tlB.

Since there ●re slmost no directly pertinent Bongelap data on such
inputs, we have ●pproached the probl~m in two ways. Pirst, we ha?e ●ade
sose calculations ●imed ●t setting upper bounds. Second, we have
●ttempted to obtain information from the Marshall Islmnds on infsnt mnd
small child diets.



Table 4.4 #1

CHILDREM:FACTORS~ CONVEtTANNUALOR 30-TZAl CONSTANT
INTAU(pCi/d) TO DOSE(rem)

(Thofactorsfor●dultsin Tables 4.2 #2A& MS ●. to b. ●ultiplied by
tho rolatiro valws in this table)

Au. •t~osur~
30-ymr

Nuclido●nd route J 20 yr”) 10 yrbi 1 yr~t O-6 ●O*l •xposur~et

CS-137 Inge,tion 1 1 1.1 1.1 1.02
Inhalation 1 1 1.2 1.2 1.03

Sr-90 Ingestion 1 1.4 3.6 3.6 1.54
Inhalation 1 1.4 3.7 3.7 1.56

PU-239 ‘~ Ingestion 1 1.3 2.1 22. 1.63
Inhalation 1 1.3 2.4 2.4 1.35

“ Adult. The ●dult dose commitmentis for 50 yeus.

b/ For childrenthe commitmentis until●ge 70.

cl 30 years of constant“adult”intake,beginning●t ●ge O. Sincethe
intake of children in fact is ●uch smaller than of ●dults, the true value
will be such closer to 1.

‘f Also plutonium-240 and ●mericium-241.
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Cesium-137in ●others’●ilk. The cesius content of mothers’●ilk
was determined on samples froa three Bikini women in 1979, nine months
●fter leaving Bikini where they had been resident for 3-8 years
(?filtonbcrger ●t ●l, 1981). The ●ean body burden of cesium-137was .13
pCi (.09- .18);the specific ●ctivity of the ●ilk ●veraged .40 pCi/Dl
(.26 - .S3); the ●ean specific ●ctivity of milk was thereforo 3.3 x 10-C
times the body burden.

In 1977 on Rongelap the ●ean body burden of cesium-137 in womenwas
.251 pCi. Applying the Bikini fsctor gives .83 Pci/ml for the sPecific
●ctivity of cesium-137 in Rongelap ●ilk. Taking ●ilk consumption to be 2
liters per day, the committed dose generated in monthsO - 12 wouldbe

(2,000 x .83) x (1.1 x 1.7 x 10-s) = .030 rem.

Transuranics. Ve haveno datafor the consumptionby childrenof
plutonium-239,240●nd ●mericium-241●nd therefore●stimate their dosage
8s follows:

(a) For ingestion,supposethatinfants●nd children●at 8S ●uch Of
the transuranics●s do ●dults. Takingtheworstcaseof no supply ships
for the entire year, so that only locally produced foods sre consumed,
Liver*ore now estimates●n ●dultintakeof 1.8 pCi/d (Ref. Robison ).

For intakeduringthe period0-12●onthsof ●ge the ●stimated
committed●ffectivedose ●quivalentwouldbe:

(1.8)x [(2.1+ 22)/21 x (1.3 x 10-3)= .028res (lstY, ingestion)

of thiscommitteddose, not more than .019remwouldin fact be received
duringthe first year.

(b) To thiswouldbe ●ddedthe dose from inhalation (Section 4.2).
Taking.024pCild●s the ●dult ●xposure, which would be ● libersl
●llowance for the infant, the committed whole-body dose would be:

(.024) x {2.4 x .15) = .009rem (O-1 yosr, Imhlation)

Omthis somewhat special basis, the comxitted ●ffective transuranic
doses would be 0.037 rem (lst year). The dose ebsorbed during the first
year presumably would be mo sore thsn .025 res.
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Diet. W. have ●lso ●ttomptod through the ●ssistance of tho ?oaco
Corps to find out quantitatively what infants ●nd sDall children ●st.
(Such information will ba of valuo to the profossioaal nutritionists in
the MarshallIslands●s well●s to oursolres.)Tho Corps~olunteers, ●ll
of whoaspeakll~rshallgso,carriedout inquiries on their own islands of
rcsidmce whero they ●rc familiar with tho local scoao ●nd PCOPIC, and
havo lived for ●t lmst one year. TM diets ucro ●scertained by living
with ● fmily for on. day on two separato occssioas and recording what
Was gaton by the child (Noto 13).

At present w. havo only tho returns from 5 islands of 4 ●tolls,
comprising 21 children, 7 ●eaths to 4 years of ●go (but chiefly below
1 year). The principal finding, as ●ight havo been ●xpected,is that
children●re breast fed untilwellpast 6 ●onthsof age, in fact often
lntath~[secon~year.

A second isportant finding ●ppears to be that●dditionalfoods
during theweaningperiod●re often, if not usually,imported.The diet,
however,variesgreatlyfromfamilyto family,●s well●s from day to day
(to judge by thesetwo-day samplings).

I have used Tablo 4.2 #2 ●nd related ●atarialin calculatingthe
dailyintake of cesium-137,from the individual diet reports. The two
reports for ●ach child were averaged, ●nd then an ●verage obtainedfor
the island. In the suamary below, the island scan is.followedby the
range,followedby the number of children,in parentheses.

1. Ine Island, Arno: 128 pCi/d (0-210; 3)
2. Buoz Island, Ailinglaplap: 113 pCi/d (0-215; 5)
3. KavenIslsnd,Haloelap: 212 pCi/d (58-343; 3)

Uoja Island, Ailinglaplap: 405 pCi/d ( 7-995; 9)
:: WotjeIsland,Uotje: 500 pCi/d (215-785; 2)

The maximumindividual dailyintake of cesium-137 indicated by these
samples wm not ● constant one, but ●ay be used to ●stimatewhat is
probably ●n upper bound for daily consumption. ~or 1000pCi/d of
cesi~-137i the dose would be (1990):

(1000) x (1.1 x 1.7X lo-e) = .019 rem (committed first year dose)

Scaled to 1978, it would be .025 rem. The strontium-90 dose would be less
than St of this.

It is not c~aimed thst thaso results ●re definitive. Nonetheless, I
believe that those data do pro~ide ●t tho very least significant
orientation to tho problem. Accurate data ●re ?ery hard to obtain,
●ccording to tho volunteers, and tho invest-eat in time -- about 2 days
per child -- has been ● rery laruo one, indeed. One difficulty
●ncountered was getting the mothers to understand what kind of
information was mated ●nd why. IIo brief interrogatory visits could
obtain reliable data. The study is still going on, and it is hoped that
more information will be ●railable by October.



S!!!wzY” A saxisumtypeof internaldose●stimatefor ●ge 0-12
months(1978)cm be ●ade by ●ddingthe three doses just developed:

Cesium-137 in breast milk (2 liters/d) .03 rem

Transuranics(intake ●qualto thatof
●dults): .04 rem

PeaceCorpscesium-137●stimates: mu

Total: .095 m E year.

The estimateis therefore ●bout .095 redyear. Bowever, it must be
recalledthatinfantsdo not drink 2 liters of breastmilkper day -- ●

better average might be 1 liter; tbe transuranic dose duringthe first
year (notcommitteddose) wouldbe closerto .025rem; the daily●verage
of non-milkcesium intake couldbe materiallylessthanthatstated. A
maximumtotalof .05 rem seems more likely●t present.

Until ve have a ●ore ●xtensive●ppr~isalof vhatthe infant●nd
snail child dietis, it vouldbe wise to withholdfinaljudgement.The
information in hand,however,does providespecificorientationto the
methodologyof theproblem●nd themagnitudeof the dosesinvolved.
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4.5 Dose summary

The dosage problem●s dovclopod in this Report breaks dowm into
threeparts: the●dultdose,the uncertainty introduced into tho ●dult
dose by the transuranics; tho infant dose.

(a) Adultdosq. For the 30-yearperiod 1990-2020, the one of
current interest, the following tabulation shows that ●ll three estimates
of the ●dult dose [based on the communitytypeB diet] seet the 5 rem
guide.

ROIMelaD: 30-~earAdultExDosure(1990-2020)

Source Whole-body ~ ●arrow
(rem) (rem)

Livermore data 1.80* 1.88**

DOE-1982 Report*** 1.9 2.9

● Committed ●ffective dose equivalent
● * Committed dose ●quivalent
“** Integral doses
**** The mediantransuranicdose was employed.

The Brookhaven doses ●re ●bout half the others; cesium-137was measured
withthewhole-bodycounter,the preferred●ethod for its determination.
[The“totaldose”is based on the medianplutoniumdose, the “range”on
the lowest●nd highestindividualdoses.] ‘

DOE-1982 stated that the dieton whichits reported doses were based
consistedonlyof local foods from RongelapIsland[but see footnote,
p. 23]. Thatstatementis incorrect.Lawrence Livermore calculated the
cited dose on the basis of the communitytypeB diet, ●nd thatdiet (for
comparability)has beenusedfor the calculationof ●ll doses ●bove.

The cancer mortality risk for 500 persons settled on Rongelap Island
and receiving 1.9 rem over the next 30 years would be:

500x 1.9x 2.5 x 10_~ = .24 cases

The risk factorused here is 2.5 times that ●dvocatedin the National
Academy of Science (1972} report. It is lower thanwhatis beingused
for the Japanese survivors (Shimuzu ●t ●l 1987; Preston & Pierce 1987),
but they ●xperienced high-dose ●nd high-dose-rate ●xposure whereasthe
Rongehp ●xposure would be low and ●t ●n ●xtremely low dose-rate.



The risk factor for firstgenerationUenetic defectsis smallerthan
thatfor cancer●ortalityotationalAcademyof Sciences,1972; MCRP,
1987a), being ●pproximately1 x l&o. Furthermore,sinceno genetic
effects havebeen recorded ●s yet for the Japanese (RadiationEffects
Research Foundation, 1987), it is unlikely that ●ny would be found here.

(b) ~ransuraaics.The Brookbarendose ●stisates[are not only
differentfros those of Lawrence Liversore, but]wary significantly,
reflecting transuranic data which ●ay vary by ● factor of 1,000. Could
thisbe “real”? Probablynot. To supply the transuranic oral input
necessary to ●aintain the maximumurinaryoutputrecorded, it wouldbe
necessaryto ●at 5 kg of clams ●very day -- or ●ven laraer ssounts of
other foods.

Obviously,somethingis radicallywrong,technicallyor
physiologically.Contaminationis one possibility(urinecollectionin
the?hrshallsis difficult).Or conceivably,●n inborn●rror of
metabolism allows certain individuals in the general populationto ●bsorb
100 times●s much from the gut ●s thatwhichthe ICRP recognizes●s
normal.

It is therefore●ssential,●s ●mphasizedin the PreliminaryReport,
thatthe problembe studiedimmediately.As ● start,●dditionalurines
should be collectedrepeatedlyfromthe sameindividualsunderrigorously
controlledconditionsto determinethe reproducibilityof results,●nd
whichsimplechangesin lifestylemight sffect them.

(c) Infantdose. The questionof infant●nd childhooddosagehas
been raised, ●nd is ● sensitiveissue. The maximum.internaldose for
months0-12●ppearsto be 0.1 rem. More informationshouldbecome
available by October. Accordingto the ICRP tables, the dose per unit
intakeis 2 - 3 timeshigherfor smallchildrenthan for adults,but
children●at lessso thatthe two factors tendto cancelone ●netherout.
In ●ny case,the observationsthus far shouldnot giveriseto ●larm,but
they must be followedup.

(d) The foregoing coaments ●pplyto the future.But what●boutthe
influenceof the past? The Rongelapresidents ●xposed to the Bravo shot
received ●n ●cutedose of 190 rem tn 1954; during1957-1978 they

‘received ● chronic dose of 3 rem. Uy ovinion is that the ●dditionto
thesepastdoses of sosething like 3 res during ths next 30 years will
not spprecitbly increase detectable health ●nd geneticrisks in Q w-y
thatshouldprecludereturn to Rongelap Islsnd.
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5. DISCUSSION ANDRECOHHENDATIONS

5.1 Comment

Section 4.5 summarizes the basic results of this report. They ●ust
be viewed from two ●ngles.

~X., from ● technical point of view, thegprovid~ ● reasonable
basis for ●ssessing the Rongelapdosage probles. It seems clear tbtt
under the ordinary conditions of Rongelap life, there is no si~ifictnt
radiation danger ●ssociated with residence on Rongelap Island for ●dults.
The implicitassumptionin this statom~nt is that the diet will be
●quivslent to that of the past. To what ●xtent th-t will be true ●fter
resettlement can only be learned by ●onitoring the inhabitants with
whole-body counting ●quipment, ●s done by Brookhwen, supplemented ●s
necessaryby urine ●nalysis. Any othermethodsuch●s thatused by the
Livermore groups must ●ssumea dietin order to calculatethe dose.

In the caseof infants duringthe first six sonths, while they ●re
breast-fed,it willbe the●other’sdiet thatultimatelydeterminesthe
dose. However,knowingthe mother’sbody burden by whole-bodycounting
will make possible a prediction of her milk’s specific sctivity. Or
direct●easurementscan be ●ade on the ●ilk itself. Presumably,a “safe”
mothershouldbe ●ssociatedwith ● “safe” baby.

On generalgroundsone can●stisatethe dosage to infants ●nd
children.Uhole-bodycountingcan be doneonlyif the childwillbe
quiet. My interestin ●nlistingthe helpof PeaceCorpsVolunteers(who
speak?larshallese)was to see if the data obtained withinthe home would
make it obvious that the children were receiving obviously ●xcessive
●xposure. The result has beennegative,●t letstthus far.

Thesenegativefindingswith respect to radiationhazards●re
unpopularones, at least for some of the lfarshallese (and their
advisors), ●nd understandablySO. Their history of irradiationwithout
warning,●nd the subsequentdevelopmmt of thyroid disease (although
originally told nothing would happen) initiated ● distrust of the Federal
Government which has never left them, cnd feelings of uncertainty ●s to
the nature of their ●awirowent.

me second point of Ticw is theroforo that of the Roagolsp person
who does not have ● grasp of tschnical mttms, but who for oae reason or
●nether distrusts the ●stcblishaeat with which he or Ms representatives
●ust deal. This situation is often U aot ●lways complicated by the fact
that the concept of “objectiwo” judgment $S ● foreign one. The judge is
●ither for them or ●gainst thcm, but he canoot givo ● di~idod oBinion.

Buring tho courseof thi$ work, I hs~c hcd criticism from Senator
&jain cnd from two of th. consultants vho ?ogard thcssolws as working
for him. It would bs frwitloss to anmor thir comments on. ~ one (two
letters from thn were ●ttached to tho Prolimiaary 8eport). 8ere I
●ttach● letter from Senator Anjain of June X, 1988, in ordor to present
his views cnd reactionsto this project (Mote 15). The lottor is best
judged by comparing it to the contents of this Report.
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5.2 Recommendations

However the progrsmis set up, I reco~end that it covor the
following items.

(1) Reinstitute whol--body counting for cesiuB-137 BOWto
establish ● baso line of comparison to be used whoa the POOB1O
return to Rongelap. WCknow, of coursa, that their counts hsvo not
been ●xcessive.

(2) Studythe plutonium excretion in urino now [beforo
return]* ●s ● researchproject to determine tho reproducibility of
tho fission track method ●nd bow ●nvironmmtal factors might
influencothe results,[and ●speciallywhy tho Brookhavon results
differ so much from those obtained by Lawrenc@ Llvermoro].

(3) Extendtho study [before return]* of infant diets ●nd
thoso of small children. This will be such ●ore time consumingthan
foreignconsultantsmichtsuppose.

(4) Develop ● plan to controlcontaminationto the●xtent
necessaryto make theRongelap people feel comfortable with their
Atoll. Two methodsdeveloped●t BikiniAtoll●ightbe adsptedfor
use here-- soil removtl or soil treatmentwith potassium salt. The
plan would be ● graded one in which the northern islands would
receive more treatment than Rongelapitself,whichwouldreceive
little,if ●ny.

(5) The preludeto suchplanningwouldincludesome
contaminationsurveys on the important islands where food is
produced.

(6) ?or the present, ●t least, I recommend no food gathering
on islandsnorthof Borukka snd Xniaetok.

(7) ne fact that Rongolap [Island]* ●ppears suitable for
resettlement now should not be lost sightof. Tho Rongelappeople
should●sk themselveswhat further ●~idenca do they want, or what
steps taken, to sake them feel comfortableWut this. Will they
●ver feel comfortable,aboutIt? [It is ●ssentialthattheybe
satisfied beforo they return.]*

●Bracketed ●aterial ●dded to this ●dition is for clarification.
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NOTESCITEDIN THETEXT

N.1

The followingis quotedfrom“TheMeaning of Radiation for
Those Atolls in the Northern Part of the MarshallIslandsThat
Were Surveyed in 1978”, U. S. Department of Energy,Washington, D.C.,
November 1982, page 39:
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N-2 COMPACI’ OF FREE ASSOCIATION
ACI’ OF 1985

. .

PUBLICLAw 99-229-JAN.14,19$6 99 STAT.17S3

departmentor
T

nqofthe Uniti W~orbycontract witha
united Staa a Sh8u continua b violaspeciaI medical
Caraand logisthl SuppofttheretoforE remaining174mem-
~~”~fb*&W##n 0?R43rtgalapand UtrikwhoWora●xposed

z
fromthe19S4 United states therm-

nuclear “Bmvo” pumusnt to Public bsq 9S-134 and
96-205.Such medid cam and ita~p@ngl “CalSuppofi
Sh811tital $22,500,000ovwrtha M 11 yaara Y

(2) AGRICUL~RAL m mmo mOGMXS-Nt#?tiG&~w
any other provmon of Iaw,upon the mquast of the Government

,of tho Rfarahdl Islan4 fm the first five years after the effec-
tiv~dataofthe~ra~ thoPraident (either through an
appropriate department or agency of the Unitad Smtaa or by
contract with ● Unitad Stata h) shall providotechnical and
other aasis?ana-

(A) without reimbursement: ta cootinua tlm Iaating and
&agricultud maiatanmlce p~ on Enewe ●

(B) without reimbunemen< w contimme~=fd r.~
grams of th~ Bikini and Enewetak

Cf-
be(f

section l(d) of Article II of the Subsi iaty Agreement#r
theImplementation of Section 177 of the Gmpactand for
continued wawrbome transpo~tion of

Y
“cultural prod-

ucts to Enewetakincluding operations an maintaiance of
the vessel used for such pu

Y(3) PAnqma.-Paymenta un ●r this subsection sNI be pr~
tided w such ●xtant or in such ainounta u ●re necessa

‘%
for

S8MCSS and other assistance provided pursuant to this su eec-
tion. It is the esnae of an- that aftar the periods of time
specifki in pa~pha (1) and (2) of thii subsection, conaider-
atiari will be ven to such ●dditional funding for these pm

&
(i)=&%cMH%”) “~~V”Rongelap was directly affected by

fallout from a 19S4 Unitad States thermonuclear tast and because
the Rongelap people remain un~nvin~ that it N safe to continue
to live on RongeIap Island, it is the intant of Con
ste (if ●ny) as may be n

“ “~~e~%~nd%%?~?;fal~ut on th~ habitahhty of
Rongelap Ialan& if nacsaury, so thatitcanbe’safely inhabited.
Accordingly, it is the cxpectatim of the Congmaa thatthe Covem-
ment of the Marshall Islands shaI1 use such po~ion of the funds
s
r

ifiad in A~cle L section l(e) of the subsidiary agreement for
t eimplemenWionofsection 177 of the Corn

e?-
aa ●re necesss

for the purpme of contracting with ● qualiil scientist or
r

up Yf
e:ientiata ta review the da- collti by the Depafimmt o Energy
dating to radiation !evelaand other conditions on Ronge!sp Is!and
resulting fmn tho themnonuclear test Ith the ●xpecMon of the
Congress that tlw Government of the Mamhal] &lan* after con-
sultation with the people of fhmgela~ shall select the party to
review such da~ and shall contract for such review and forsubmis.
sion of ● repofi h the President of tho United Stata and the
Con as to the rsaulta therad

(=e Purpo- of the review -fed b in parwra h (1) of this
!subsection shall b to ~blieh whether the data ci@d n support of

the conclusions as to the habitability of Ik@ap falan4 as set forth
in the Depafiment of Ermrgy report ●ntuled: ‘“I%. Meanin of

tRadiation for Those Atolls intheNodwm Part of the Man all
Idands TM Were SuHyed in 1978”, dated November 1982, am

91Su 115s.
94smLb4.
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99 STAT. 1784

Hardotm
InBurials.

Anwp.17S1.

91sue.llse.
94SMC.-,M.

PUBLIC LAW 98-238-JAN. 14,1986

~a~titid WW? d o=- wv fulb wp~rtd by the

m
~ ~ ** ~1~~ tit = conclusions

9stohsbi
07

.fWYs&P#&lld’Y’ti-&&#em?E:.t
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and, in accordance with ite ●uthorityunder the &tstitutionofthe
M8rddl18M tlmRonge18pIomlgovernment council.

(j) FOUR ATOU ~UL~ ~ Paoou.-(l) 6e~ providedby
the Unitd Sta- Public Health Se-or any otherUnitd S--
agency pummnt to section l(a) of~cle IIof the Agr9ement for the
Xmplementetionof Section 177 of the Gmpxt (hereefter in this
m&ection refti to 8s the %ectioo 177 Agreement”) sbll be only
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df~ if such identification -m in tk manner ~
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(2) At the ●nd of the flm YOUafter ~~~ntilau~f~
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N-3 The following commonts rolato to the tiaing of tha ●vacuation
Of the RonuclaP DooPlo.

(a) According to C. L. MU, Director Of tho MC Di*isiOn Of
Biology and Medicine, (Croakito ●t ●l, 1956), “MW@ct~ ch~ges
in tha wind structure deposited radioactlvo ●atwials on inhabited
●tolls and oa ships of Joint Task ~orco 7, which was conducting tho
tests. Radiation surwoys of tho ●reas revealed radiation lewls
abwo permissible lovols: thoreforo ●vacuation w88 ordered, and was
carried out ●s quickly as possiblo with tho facilities ●vailable to
tho Joint Task ?orco”.

(b) According to Morril Kisonbud (personal com~ication, s..
roforoncos) s scientific ●-bor of tho Task ?orc.t “nore •r~ manY
unansworod questions ●bout tho circumstances of tho 1954 fallout.
It is strangothatno formalInvostigatioawas ●ver conductod.
I’h@rt hava boea reports that tho devico was ●xploded despito ●n
●dvorso ●ctorological forocast. It has not been explained why ●n
●vacuation capability was not standing by, ●s had boon recommended,
or why thero was not iamediato ●ction to ●valuate tho ●atter when
the Task Force learned (seven hours ●fter the ●x~losion) that tho
MC Eealth & Safety Laboratory recording instrument on Rongerikwas
off scale. Therowas ●lso ●n unexplainedintervalof ●any days
beforo tho fallout was ●nnouncedto tho public”.

(c) Since tho”Rongolapaso had been ●vacuated prior to previous
tests, it is not clear why the usual procedure was changed. In
February 1954, Dr. Bertoll has told ●., Xagistratc John Anjain of
Rongelap was told ●bout the Bravotest, but was not giventhe date.
Ea said that “thero ●r~ no orders froa Washington to evacuate the
people”.
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(d] Rongelap was ●vacuatedon?larch3, 1954, ●pproximately50-55
hours ●fter the shot.



N-4
This note deals with tho mission of the ●edical prograx ●t Rongolap

(letter froall.11.Adams, M.D.),SOB.medicalfindin9s●t tbe tiresof the
relocationof theRongelap peopl~ in 1985 (letter fros Dr. Adam to Mr.
Roger Ray), ●nd ● detailed sumsary of the thyroiddosagefrom ●xposureto
fallout in 1954.
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NOTE4: INTRODUCTION- THE MISSIONOF THE ~DICAL ~kf.
~ .— ————— —

w.! BROOKHAVEN NATIONAL lABOf?ATORY

i] [1 I ASSOCIATED UNIVERSITIES, INC.

Upton.L- Island. New Yak 11973

(514) 282\
FTS M6j

April 28, 1988

Henry Kohn, M.D.
Rongelap Reassessment Project
1203 Shattuck Ave.
Berkeley, California 94709

Dear Dr.

Let
Marshall

The

Kohn,

me state briefly what the Brookhaven National Laboratory
Islands Medical Program is and what It is not.

medical program is mandated by Congress under Public Law
95-134 to provide-fo~ diagnosis and treatment of radiation-
related disease among the populations of Rongelap and Utirik
exposed to Bravo fallout radiation in 1954. The U.S. Department
of Energy fulfills this mandate by contracting with the medical
department, Brookhaven National Laboratory,. to provide said care.
The Department of Energy has permitted, by providing the
necessary operating funds, an extension of the program to cover
many aspects of health care unrelated to radiation exposure and
to offer medical services to a great number of unexposed persons.
No funds are made available for research because Congress did not
intend the medical program to carry out research; clinical care
of the injured parties is the program-s sole purpose. Therefore,
all activities of the medical program have a clinical goal, that
being improvement of the health of the population identified in
PL 95-134. The ability to disseminate the capabilities of the
medical program among the general klarshallese population
represents the natural tendency of any health care organization.
It iS to the great credit of U.S. Department of Energy personnel
responsible for carrying out the Congressional mandate that this
expansion of coverage has been warmly supported.

Sincerely yours,

&.#&&,
William H. Adams, M.D.
Director, ?larahall Islands

Medical Program
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N-4A

The followingletteris fromDr. w. H. Adams of Brookhaven National

NationalLaboratoryto Dr. RogerRay of DOE.

2W

Ny 18, 1985

W. Roger Ray
Oeputy for Paclflc Operations
*vada Operations Office
i)epartment of Energy
P*OOBox 14100
Las Vegas, NV 89114

Oear Roger:

In view of the recent ●vacuation of flongelap. whtch ●ppears *.o have been
precipitated by concern ●bout harmful residual radloactlvlty on the atoll, we
have reviewed our medical records to see if there 1s ●ny c]lnfca] ●violence
that supports this conclusion ●nd course of ●ction.

Since 1957 an unexposed population of Uarshal]ese of Ronqelap ●ccstry
has been exmlned perlodlcal~y by the lhcokh~ven aedlcal team This
population (the Comparison group) 1s slmllar in ●ge ●nd sex dlstrlbutlon to
the exposed peopleof Rongelap. The reason for examination of the mexposed
group has been to obtafnbasellne Incidence of diseases in the general
Narshallesepopulatlonas●nald in detection of previously unidentified
radlatlon hazards which ●ight affect the ●xposed group.

Collected data on theunexpused people ●re sufficient to ●ssess the
effect of residence on ftongelap (slncs 19S7) on longevlty, thyroid neoplasla,
●nd blood counts. We have done ● retrospective ●nalysis of thelrmedlc?d
records; 133 of the group ●re llvfnq and S4 ●re deceased, We have ●rbltrarl)y
selected for ●alysh the following dlvfslons of years of residence on
Rongel ●p:

Short-tern - ~years (aversge, l.O years)
Intemedlate - ~ - lb years {averafye, 7.S years)
Leng-tem - >15yoars (average, 20.9 y8ars).

The pJaceofresMoncefor ●@venyoar Isdeffnedas the pJacewhcreen
lndfvldual reoelvodhlsoedloal Sxmhatlm. $Inoe thare tseonslderab]e
●fgratlon of Marshallese -g the ●toJ180 the s$to of cx~lnatlon may not
●lways be the SODS ●s the alte of residence. OvoralJ@ Ivowavertthere should
be ● good corrdatlon between the tw~
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Mr. Roger Ray
my 10, 198s
Page Z

Etfects on Lonqevity.

There Is no ev1denc8 that prolonged resldencc on ftongelap since 1957 has
resulted in ● shortening of life expectancy:

Residence Category Number of Oeaths Mean a
‘~

qe ●t Death
*rt.te~ 61.4 years
Intemedfate 27 66.6 years
Long-tern

Total &* Average -

● Does not include 2 ●ccldenta] deaths.

Effects on Thyroid Neoplasia

There 1s no evidence that pro~onged residence on Rongelap sfnce 19S7 has
resulted in an increase in thyroid neoplasla. NJne unexposed persons in the
Comparison group have had surgery for thyroid nodules;

Mnber with
Resfdence Number Mean Aae ThYrold Nodules Hunber of
Cateqory of ~ersons In 1985 ~yr) - Removed lhyroldCancers
Short-term 58 47.1 4 (7%) 1
Intermediate 46 bd.b 3 (7s)
Long-term

(J
46.9 2 (7%)

Total + T +

These figures apply to the 133 unex~sed persons In the Comparison group who
●re ILvlng. All of the 9 persons who had thyroid nodules removed are still
●llve.

Effects on OJood Counts (1985 data)

There 18 no detectable effect of residence on Rongelap on blood counts:

Residence Wnber Neutrophils/ul Lymphocytes/ul PJateJets/uIx103

Intermediate 40 292$ 59
Long-tern 26 4366$1551 2612* 781 262$ 51

A test ofequa]lty of means showedno statistically slgdflcant differences
UJWWthe three categories. Note that thenuiber of bIood tests performed
(~) fs !ess than the nutber of persons in thecomparlsagrwpo This IS
because not ●ll were seen in the March-April, 1985, survey.
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Hr. Roger R*Y
JuJy 18, 1985
Page 3

We have ●lso considered thyroid noduJes ●nd current bJood cel J counts ●s
they may reJ#te to ●arJy residence on RongeJap, sfnce ● greater radiationrisk
would have cxhted during the ●arJy years ●fter the 1954 falJout. Thirty-four
persons in t5e Cmparison group resided In Rongelap for 4-6 years comencing
with the return to the ●toJl in 1957. OnJy 1 ooduJeg ●n %cdt carclnoms”sc
has occurred An this subgroup (3.0%),whereas the fXhW 6 nodules. lncludlng
the two true thyroid carcfnosw, ocwrred In the other 99 persons in the
Comparison group (8.1%). There was ●lso no difference in bJood ceJl counts:

lineof thmnber NeutrophlJs/uJ Lymphocytes/ul PJateJets/ulx103
Resfdence Tested (196S) $50 $s0 *SO
Early 29 b032 *1 543 2713 *@36 2757
Late 77 4349:1599 2756:951 2:4:80

If you wishus to examineany otherparameters do not hesitate to ask.

Sincerelyyours,

#lIllam H. Adams, 11.O.

WHA/elr
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TABLBW.4B +1 TEYROIDDOSS MOM INDIVIDUALRADIOHUCLIDBS
231?ALLOWTomADuLTmB~~

.-------- .------------ .---c -------------------------------------------

Sourco Halt-life Psr coat pltyaical Dose
decay in 3 woks rads

----------------------------- ---------------------------- ---------------

UMw!al Q-sure

Iodise-135

Iodine-134

Iodine-133

Iodine-132

Iodine-131

Telluriua-131

Telluriu8-131m

ExternalexBosur8

6.6h 1008 190 rad

S3.2nin 1008 3

21 h 1008 550

2.3h 1008 7

8.04d 848 130

30h+ 8.04d 79# 120

25 ●in + 8.04d 848 13

190

1203Totaldose—.

--------------------------- --------------------------- ---------------

‘I Lessard ●t ●l, (198S)

ot Exposuro to tho fallout on Rongelap Island occurred for ●bout 45

hours. fio !allout fell for about 7 hours.
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TABLE N-4 B #2 Totcl Thyroid Absorbed-Dose l!stiute (]9S4)

!kEsIP e-~~tes r~a
Ronmlap Iclmd Sifo Tslmd Utirih Island

M Internol Externel total .Interwl External Total Internal Externet To

A&

?09
Tm
R{a

m
P

sin

mm
“ Ia

In

moo
1100
1400

s

190
190
190
I*
190
190
190
190
190

Im)
Ixn)
1600
ltoo
2200
2600
5200
440
870

280
290
410
650
S40

1?:

I10
110
110
110
110
I to
I 10

400
410
S30
570

1::
.

1s0
lbo
220
240

11
Ii
11
11
II
II
II
II
li
11

300
340
670
4$
W

260

250
MO

490 110 610

A&n mlo
AMt r-lo
horteon-voot-o14
?ueho-hor-ad
alr?oor-md
Sh+oor-otd
Oae+oor-old
w~
19 Utoro, 38’4 td.
19Utoro,2d tri.

190
190
In
190
190
190
190
190
190

4200
4bw

6600
8200
9M0

1120
1160

:=
2200
26~
5200

110
110
I10
I10
tlo
I10
I 10

12W
Im
17M
1900

:E
5300

600
bbo

::
1200
1400
2700
190
390

1000

E
1000
2700
-

12m
2900

2000 110 2100

%ltfpiyby OoOl to Ate{n Cy.

Source: Lessard et ●l, 198S, p.61



u-s
The sequence of safety recommendations●nd guides has run 8$ follovs.

(a) In 19S4 the Xational Bureauof Stsndards Handbook 59 presented
the recommendationsof the NCRP. Tho aaximm permissible doso to the
bone mtrrow (and bonce to th@ ●ntire body) was 0.3 rem per week.

(b) In Jsmuarg, 1957, tbo whole-body doso for the general
population was lowored to .5 rem por year by the NCRP. This was
published●s ●n insertinto the Bureau’s Ihndbook 59. The ABC ●lso
published this end other recommendationsin Appendix10, p. 400 of its
22ndSemiannualReportto the Congress.

(c) In 1960,the Federal Radiation Councildefined two guides for
the generalpopulation. (Federal Register,Hay 22, 1965,pp. 6953-55)

The “radiation protection guide” for the general populationunder
normalcircumstanceswas .170 rem per year.

The “protective ●ction guide (category 3)” was definedto coverthe
long-term harm by cesium-137●nd strontium-90actingthroughthe food web
after the first year of ● contaminating●vent. The FRC recognized the
~ diversity of such situations. It concludedthatprotective●ction
mustbe determined on ● case-by-casebasiswhen the annual dose to the
bone marrow ●fter the firstyear would●xceed0.S ren to individualsor
0.2 rem to ● suitsblessmple of the population.

[Such ●n ●valuation involves cost-benefit ●nalysis. Supposethat
the excessbone-marrowdose over ● 10-yearperiod is ●stimated to be 15%.
Wouldthish sufficientto warrant● populationgivingup the use of its
homes●nd ltnd? Obviously, the ●xcess dose would be trivial from the
point of visv of harm, whereas ths personal loss ●easured in terms of
socialvalueswould be considerable. To ●mphasize the need for judgement
of this kind, the Tederal Radiation Council instituted the term
protective ●ction auide rather than sttndard.]

(d) In 1979, ICRP Publication 30 subsequently modified for the
transuranics in Publication 48, 1986, provided smnual limits for the
intake of radionuclides by workers. Divided by 30, they ●re ●qual to ●

committed ●ffective dose tquivalmt per year of .170 rem.

[(e) Dr. AlmnRichardson of ZPA (Guides GCrlteria Branch) has
informed sc (2/8/89) that representatives of SPA, the ?ood & Drug
Administrationand the Department
possible revisions in tho genersl
public discussionshould be ready

of Agriculture have begun to discuss
population guides, and that ● paper for
sometime next winter.]



N-6
For the noaprofeasionalreader, the following is ●n ●xplanation of

the specificradiological●oaningof the terms,gxmsur~ ●nd ~.
Very simply,the ●edical ●nalogy would be this. A patioat takes ●

spoonful of heart medicine -- radiologically considered, that is his
●xposure.

Of the swallowod sedicine, three-quarters ●re ●laminated but
one-quarterpasses from the intestine into the circulation ●nd is
●bsorbed by the heart -- that one-quarter is the dose. It would be
●xpressed ~~~~eart tissue.

?or ●x~osugeto radiation per se, the unit is the roentgen(R),
●easured in ●ir. For radionuclides (atoms which s~oataneously decay
●nd ●mit radiation), the units ●re the bequerel (Bq), ●qual to 1
●tosicdisintegrationper second, or the curie (Ci), 3.7 x 10 lo
disintegrations per second. The ●icrocurie (yCi) ●nd the picocurie
{pCi) ●re respectively 1 millionth of ● curie,●nd 1 millionth of ●

microcurie (27 pCi cuual 1 Bu).

The units of ~ ●re the rad (for ●ny type of ionizing
radistion: 100 ●rgs ●bsorbed per Uras of tissue): and the rem (dose
●quivalent in biological ●ffect to 1 rad of standardradiation).The
ptrticulsrpointto remember●bout radiationdose is that it is u
~ of tissue. A whole-body dose of 100 rad ●eans that ●very gram
(on●verage)received 100 rad; it does not ●ean that the ●ntire
body received 100 rad to be distributed throughout the tissues.

Both exposure ●nd dose sre referredto ●s resultingfrom
externalor $nternalsources. An ●xternal●xposure or ●xternsl dose
is the result of ● radiation source outside of the body, ●.g.,
fallout-contaminatedsoil. An internal dose would result from ●

source inside of the body, ●.g., radioactiveiodinedue to the use
of fallout-contaminateddrinkingwater.

In the case of rsdionuclides, we shall use the ters “whole-body
dose*’ in the technical sense of “comxitted●ffectiwedose
●quivalent”.Comxitted ●eans the dose delivered to the body over
the next SO years from the amount of radionuclide under discussion
(e.g., the axount I ●at today). Efe ctiv~ signifies corresponding
to whole-body ●xposure (e.g., 1 res to the ●ntiro lusgs corresponds
to .12 res whole-body). ~ ~auivalent in rem signifies that
whatever kind of radiation is beinu used, its dose ia rom gives the
saxe ●ffect ●s that of xny othertype of radiation o%pressed in rem.

The “tissuedose” is the emitted dose .quiralent.

[me radistioneuid.s, Couched in tom of rat uc giwen
inllote 5.]



n-7 The ●xternal gama-ray ●xposur~s of Tablo 4.1 #l ●ffect ●ll of
tho tissues Of tho bOdy. In ●ddition, beta rays (ccsium-137 ●nd
stroatium-90) ●aanato from soil, but havo only ● lisited rtngo in
●ir and wry poor ponotration into tho body; they ●isht ●ffect tho
body’s surfacs in thoso regions which ●ro closost to or ●ro ●ctually
touching the ground. Shoas ●nd clothing prowido complste or ●lmost
completo protection.

Xxternsl beta-ray dose is considered to ho unimportant on tho
basis of the follouins. ?or gum rays, the Rongolap Island/En@u
Island ●xteraal-doso ratio is 1.7 (Table 4.1 #l. The beta-raydose
ratio ●t .007 mmdepth (basal CO1l layer, skin) should b.
●pproximately the sax.. fioroforo, by ●xtrapolation from the
determinations ●t heu (Singleton ●t ●l, 1987) the Rongelap
basal-cell doso would b. 46 ue8/y, ●nd ●t 1 cm depth practically
zero (ICRP S1, Tablo 26). Sinco tho radiationprotection guidefor
skinis 5 rem/y (NCRP 1987b), tho skin doso is ● trivialone.
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N-8

diet us” The sajer uncertainty in ●st~ting the dose is the
- no one knows precisely what it is. TUO●fforts ha?e bon

made to delineate it. The first by Maiduot ●l {1980) (ML S1313)
was based on lising ●xpericncos over the y~ars on rarious Mortbern
!farshallese Atolls ●nd clearly deaonstratod the ●ffects of li~ing
pstterason diet. Rongelap fell imto their B class, one in which
there was ● 10U ●miability of local foods (excepting fish),
overpopulation, ●nd ● god supply of imported foods (supply boat
comes in regularly, say, ●very three weeks). ltaidu ●t ●l reported
the quantities of food prepared, but ●mphasized that they did not
know howauch was ●aten. In any ●veat, Robison ●nd BOE-1982 used
this ●stimate as the saximux level of consumption for ● population.

The MLSCdiet was ●laborated by M. Pritchard of the Xicroaesitn
Legal Serrices Corporationin 1979 whenhe visited the Bneuetak
people for 2.5 weeks [then on Ujilang Atoll] (Robison ●t ●l, 1982a).
His diets ●ssumed that the supplyshipcameregularly,●aking it
possible for the p~ople to ●at relatively large amounts of iaported
foods (rice,flour, sugar, canned goods, ●tc.), or that the ship did
not come ●t ●ll. Robison selected the ●dult female subgroup of the
populationfor calculationbecause its consumption w-s greatest.
DOE-1982 took this calculation for the 8iniasl level of
contaminated-foodconsumption[incertaincalculations].

~or the J$LSCdiet (supplyship on schedule)it has been found
thatcesium-137accountsfor ●bout95* of the whole-body dose tnd
85* of the bone marrow dose. Strontiua-90 ●ccountsfor 5$ ●nd 15#,
respectively, ●nd the transuranicsfor lessthan18 duringthe first
70 years. When the supply ship is on schedule, coconut ●ccounts for
808 or so of the rsdionuclide intake.

In suamary, then, DOE-1982 ueed the Saidu type D cosxuunity
diet for its dose calculations. When it wished to indicate ● range,
it used both the type B community (high) and the KLSCdiet (lou).
The diets●e giren in Table N-8 *1.

One ●dditioaal fact ●bout the preparation of fish. The skin ●nd
bones of !ish ●ayhave 50-100 tbes the ctroatiua-90 specific
●ctivity of the ●eat. Also, the contests of the intestinal tract
say be high. What *S the ●ffect of ●ll this on dosage? First,
Uoshkia ●t ●l (1981) found the stroatius-90 specific ●cti~ities of
●ll tissues to M belou 1 PWU. *bisoa St 81 (Wrsoaal
cossualcation, 1988), have coafir8ed this for ●ullet caught off the
reef of BikiniIslaad {coateminatha le~els S-10 tiaes those ●t
Rongelap Islead). Boast ●not aad stowed ●ullot were tested. ?or
stew, neither the oest, aor broth, nor skin aad bones exceeded .01
pCi per grea (Table S 8.# 2). ?ho cooking was dose by Sarsballese
ia the customry way (tho lmtwtdacs -r. discarded).
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TABLE N- 8 al DAILY FOOD CONSUMPTION -- IWO DIETS ●’

CommunityB htLSC Diet

Food (adult) (adult female)

gr8ms/day grems/day

Arrowroot o 3.9

Breadfruit 36 27.2

Banana 19 0.02

Coconut
Drinkingmeat 100 -.
Drinkingfluid 514 -.
Copra 68 ..
Milk 12s -.
Sprouting 100 .-

Coeonut “fluid” . . 142
Coconut “meat” -. 63.3

Papaya o 6.6

Pumpkin o 1.2

Pandanus 96 9.2

Fish 194 41.s

Eggs .- 10.7 .
Pou1try 3 ● .

Wildbirds 9 4.2

Domestic meat .- 2102

Pork 1.4 . .

clams 1s 8.9

Crabs -. 3.1

octopus 20 4.s

Turtle .1 4.3

Snails 12 -.

Coconutcrab 1 -.

Lobster .14 .-

Shellfish .- S.1

Total 1313.64 3S6.92

8/ Imported foods ●re not included in the lists. The data ●rc from
Tables4 snd 11 in Robison●t ●l, UCRLS2BS3[1982b). Imported
staplesincluderice (especially),sugar,flour,canned❑eat,
canneddrinkg,andbaby foods.
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TABLE N-8 42

STROR?IUW90DISTRIBUTIOMIIIMULLET: ?MSn, BOASTED,
AND M A stw~t

stroatiu-$o, wits ~et weight

M88t ●ullet Ilullct stow ?resh ●ullotbl

Muscle (mat) 9.s S-4 -- 5.2 E-4

Bones 5.4 t-2 4.2 t-2 1.8 S-2

Duplicate hon9s 6.08-2 -- -

Skin 8.0 Z-2 -. 2.7 t-2

Broth .- 4.51-4 --

skin + ●est .- 1.$ S-3 --
,
1“ -’ +-’$’’W?%+%+.

.i -. .~ .

St ~e t~le was supplied by Dr. T?. L. kobison of tbe Lawrence LiTermore
National L8boratorg.

.
tt ?rom V. Xo8bkin ●t ●l, UCID-20754, 1986, ‘Concentrations of

Ra~ionuclides ia Fish Collectedfrom BikiniAtoll between 1977 ●nd 1984”..

*-’.

—-
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N-9
To determinewhetheror not the determinationof specific●ctivity

of soil●nd plantsmade by the Liversore Laboratory was 8nalytiC811Y
correct, ● fieldtriB took place in Docesber 1987 duringwhichsasples
werecollected●t 7 locations rumnins the length of Rongelap Island snd
on 3 islandsof Ailinginae Atoll. Tho suples wero colloctod umdcr tho
supervisionof Dr. B. Paratzkoby Livermorotechnicians●nd Rengolap●en.
SenatorAnjain ●nd other Rongelapcitizenswere prasent. The r@SUltS
show that the Livormore techniqueis ●n ●cceptableone.

At ●ach location, the ●xternal●xposurorate was ●~asured. The ●ean
for seven locationson Rongelap[Island]was 3.4 (2.2-4.6)~Rh.
Correctedback to 1978,it becomes 4.3 pR/h, in ●xcellent ●greeaent with
previousdeterminations(Table4.1 #l).

The samplesof soil●nd vegetationwere frozenand shippedbackto
theLivermoreLaboratorywheretheyweredividedso thatone-halfof ●ach
wu sentto Dr. Paretzke in Neuherberg(14unich),the otherbeingretained
for analysesin thiscountyby Dr. Robison(Livermore) ●nd Dr. Kohn
(Berkeley). Dr. Paretzkesharedhis sampleswithDr. Boikat (Dremen).

Eachlaboratorypreparedits own materialfor ●nalysis and then
●nalyzedit withoutknowledgeof the resultsfromelsewhere.

In general,the variouslaboratoryresults●greedwellwithone
●netherfor fieldsampling(Table N 9# 1-4).

The radionuclide levels on AilinginaeAtollwere foundto be no more
thanone-thirdthoseon RongelapIsland.

Among the radionuclides themselves, the ●xtremely low levels of the
transuranics in vegetation and seatcomparedto soildemonstratethe
operationof biologicalselectionagainstthese●lements(5,000to
10,000-fold).This●ffect is ●mplifiedby furthernegativeselectionin
the aut; ●bsorptionin ●dultsis ●bout0.18comparedto 100% for cesium.
Duri~g the firs~monthof life, however,
10 to 100 timesgreaterthanin adults.

The radioauclidelevels●re ●lso in
recentsummaryof the LawrenceLivernore

●bsorptionfrom the gut sight be

general●greement with the ●ost
Laboratory(Table4.2 #2).

These comparisons ●re of ●ore than routine importance, since●any
Rongelappeople have stated thatDOE laboratoryresultscannotbe trusted
and thatthe DOB sciontlsts●re liars.



TABLEN-9 #l

CESIUM-137 COMPARISONS (19$7)

Item Island● l ~ bj P&Be/
(No. samples)

pCi/g pCi/g

Drinking
coconutmeat

Drinking
coconut juice

Soil: 0-10 en

10-20 c=

Lime Eeat

Coconut crab
muscle

Breadfruit

Arrowroot

Pandanus

Pig muscle

Chickensuscle

A (3) d’
R (6)

A (3)
R (6)

A (3)
R (7)

A (1)
R (1)

R (2)

A (2)

R (1)

R (1)

R (1)

R (1)

m (1)

.47
4.5

●22
1.25

3.31
11.5

.48
1.30

2.2

1.09 “

3.8

17.1

21.3

14.7

6.2

.60
3.4

.19
1*45

2.43
8.7

.30

.97

1.9

.96

4.38

20.7

26.2

13*9

6.3

● / A is Ailingiaae,R is Ronuelsp[Island].

bf LawrenceLirermro MationalLaboratory

c~ Dr. ?aretxko(Munich) amd Dr. Boiktt (Brmen)

~1 1 ●ach fros lfogirl,Smibukand Cerea-Enox
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TABLX N-9 #2

STROMTIUH-90COMPARISONS(1987)

pci/u pci/g

Drinking
coconut●oat R (1) .0054 .0061

Breadfruit meat R (1) .035 .052

Soil:0-10cm R (1) 6.2 10.1

Arrowroot R (1) .068 .076

Coconutcrab
muscle A (1) .3s

●/ Dr. Paretzko(Munich)●nd Dr. Boikat (Bremen)
ht Dr. Kohn (Berkeley)
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fABLt N-9 # 3
PLUTOMIUM-239,-240 CONPARISO?JS(1987)

Item Island P&B*/ HIK bi
(Mo. samples)

pCi/g pcilu
Drinking
coconutmeat R (2) .000016 .000069

{ .0032

Soil: o-1ocm R (1) 2.46 7.1

Arrowoot R (1) .0046 .00065

Breadfruit●eat R (1) .000018

Pig ●uscle R (1) .00001

Chicken●scle R (1) .00011

TABLEN-9 #4
~ ~RICIUN-241 COMPARISONS(1987)

Item Island LLNL c.t/ - p&Bd/ EIK “1
(No.suples)

pCi/g pCi/g pCi/g

Drinking A (2) .00002
coconut meat R (6) .00005

soil: 0-1om A (3)
R (7)

10-20 cm A (1)
R (1)

0.69 < .33
1.43 1.19

.19 ( .12

.074 ( .11

.61
1.s4

.19

.076

Breadfruit R (1) .000013

Arrowroet R (1) .00038

P&ndanua s (1) .000025

“t Dr. ?arotzko (Munich) snd Dr. Boikat (Bruen)
b/ Dr. Koho (Derkoley)
cl LawrenceLivormoroNational Lboratory
~1 Gu,a counting.
●l Alphacounting

71



N-10
INHALATIONDOSl

The inhalation of dust can wary tromtndously dependingon activity.
On BikiniIsltndploughingmm open field in the dry seasonwould
representthe high ●nd of tho spectrum; resting Uuiotly ●t home or
sailing on the lagoon would be scar the low●ad. Robison(Ref.UCRL
S3805,p. 9) has rovisod his oarlior oxcessivo ●stimato based on 5 hours
per day of ploughing.As ●n ●verage now throughout the year, he takes 1
hour por day plus 23 hours under aorsal conditions, resulting in ● daily
intake ●t Bikiniof .017pCi of plutonium-239,-240●nd .0071 pCi/do!
●mericium-241,totalling.024pCi/d.

To obtain tbo Rongoltp dose, it w-s ●ssumed that the distribution of
particlesizes●nd of radionuclidaswas practicallytho same on Bikini
●nd RongelapIslands. Therefore,the inhalationdoseon Rongelap would
be to thaton Bikini●s the transuranicsp~cific●ctivityof Rongelap
soil (0-Scm) was to thatof BikiniIsland. The plutonium levelon
Rongelap was 29# of thaton Bikini,●nd the ●mericiumlevel12$ (Robison
1982a,pp. 8, 12, 44, 56: 1982b,pp. 12, 14, 47, B1O,B13).

The daily transuranic●xposures for ●dultson Rongelapwere
therefore:

plutonium-239,-240, 294 of .017 pCi = .005 pCi/d
americium-241, 12$ of .00071 pCi - .0009DCi/d

Total .006 pCi/d

.The ●dult 30-year inhalation doses ●re ●stimated to be
(Table4.2 #lB):

Tissue Plutonium-239,-240 Americium-241
(rem) (rem)

Uhole-body .023 .004

Red marrow .035 .006

Bonesurfaces .004 .0007

For the infant (to be on tho safo side) we have ●ssumed exposureto
b. the same &s for ●n ●dult. Theroforo,taking the totaldaily
transurmnic●xposure●s .006 pCi/d, we find tho wholo-body dose for the
first year tob9 (Tshle 4.4 #l):



N-n
BROOKEAVEMRESULTS- CesiuB-137snd Strontium-90

l%. whole-body counter ●oasuros the quantity ●nd tho ●nergy of
the g-a ray photonsthathavo been ●mitted by COSiUB-137, or other
radionuclides,sad that ●scape from the body. In principle,the
machiaois calibratedby measuring the ●scapo of 08US rays from ●

phantom which has been loaded with the radionuclidesin question.
Obviously,tho whole-body countar coses closest to giving ● direct
●easurement of tho body-contmt.

The Brookhaven Lskratory tesmhas visited Rongelap periodically
sinc~tho time of rosottlemontin 1957In ordorto pcrfora
wholo-bodycountsforcesium-137,●nd som~ othor radionuclides, for
which the results●rc suamrizcd in Tables 11.11 #l ●nd #2. The
●ctualdata ●re shown in Tsble 1, ●nd the snnual ●stimates of body
burden based on curvesfittedto thedataof table1 ●re shownin
Table 2. These tableshave been provided throughthe courtesyof
Dr. E. T. Lessard.
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TABLE N.11 #1
AVERAGE RADIONUCLIDE CONTENT ANO TIME SINCE

REHABILITATION FOR RONGELAP ADULTS

1.18100
3.78s02
Q.MO1

bs~ 1.*103
Ml@
M81*
2. 3Bl@
Md

Sst. Lode

Yo~~ ?Oodoo
3.7*O1
4.78)01
b.hlo~
3.08102
2.1s102
2.1s102
7.1*!OJ
1.ss102
1.6s102
S*9B1O[
1.4s102
9.48101
3.2s102
1.78102
2.58102
Llalol

sa7ca S.28102
1.9s204
;.;:;$

ihlo~
Z.exloh
3.1s1+
●.J=1O3
4.klo3
l.oatd
8.98103
3.s8103

6.3810-$
2.98102
7.48101

6*E;O3
1.4X104
t.m+
3. hlo~

1.s82+

s62s100
I.lxlol
2.98101
2.hlo~
1.$8102
1.91102
2.08102
1.6s102
1.2X102
1.3s102
1.S*102
1.2s102
007s101
2.11102
Q.3B101

2.:::01

;.;::;:

l:mo~
1.7s104
l.oslo~
1.1810’
I.OX1O3
S.6S103
7.08103
7.9810~
t.wd
3.4s10

9.3810-1
MS102
8.Mot

l.%
l.said
S.ldob
3.4810~

J.s81#

6 ● 9nlo@
t.48101
4.18101
SOl%lol
2.4s102
1.9s102
2.1X102
J.3X102
1.38102
1.M02
1*1S102
1.3X102
9.6X101
2. SK102
1*3X1O2

XHO1

4. 1s102
2.7X 104
2.1S1O*
2.ss10S
z.sxlo~
1.4810~
9.38io~
6.38103
6. T=1O3
9.4s103
H$

00

(A)

2
z
2s

::
22

Z
15
12
13

(:
44

4426

0

4%
1370
16?6
2100
2464
3961
3921
429:
66s7
S022
$388
S7S3
611s
7s79
80s7

o

m
1370
2031
6118
1213
80s7
0213
91C0
9s40
9910

(This tsblo was suppli~ by Dr. E. T. Lessard, ?hokhavem National Laboratory)
(1 bequerel = 27 picocuries)
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TABLE N.11 # 2

BRCOKHAVENDATA FOR INTERNAL DOSE 4 EXTERNALEXPOSURE

balap tilt wttod22foctlw9 Oaa Mdrdonc.(”

19.0
8.35
3.ss
1.69
0.63
0.27
0.11
0.0s

A&LAY

Awo~o Vauo atcd *b Too?

3
199
181
164
149
136
123
112
102
92.b
83.*
76.2
6*.2
62.*
S7.2
S1.9
67.2
42.9
38.9
3s.4
32.1

1.83
l.bs
1.s4
1.41
1.29
1.19
1.09
1.00
0.92
0.s4
0.77

10.9
0.44
6.s1
S*O2
S*SC
2.99
2.31
1.78
L 36
1.06
0.82
0.63
0.49
0.30
0.29
0.22
0.17
0.13
O*LO
0.0s

xnR/year 2

.—.
1977 29.2 0.06 IJ
19 70 Pill 0.?1 4s 0s W & 14e&

1979 24.1 0.6S O.ok ‘ 30
196@ 21.9 0.60 0.03
1981 19.9

2$ millirem
0.5s 0.02 2s

i9
19
19
10
19
19
10
19
19
19
19
19
19
19
19
19
19
19

:
20
20
20
20
20

2
29

19.1
16.4
ib.q
13.s
12.3
11.2
10.2
9.22
C038
7.61
6.92
6*28
S*7L
S*19
4.71
4.28
3.09
3.s3
3.21
2.92
2*65
2.61
;:;:

L20

0.s0
0.46
0.42
0.39 -
0.36
0.33
0.30
0.2s
O*2S
0.23
0.21
0.20
0.18
0.16
0.15
0.14
0.13
0.12
0.11
O*1O
0009
0.08
0.08
0.07
9.06

0.02 27
001 2s
0.01

.IY
2s
24
23
23
22
21
21
20
19
19
16
la
17
17
16
16
1s
15

::
14
tb
lb

1 Multiply by 10“S to convert to SV.

2 Multiply byOc7 to obtain mrem (whole-body).
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Mote12
PLUTONIUMANALYSIS

In theC*SO of radionuclides that ●mit beta rays (strontiur90) or
●lpha particles (transuraaics), ●nd uhose range in tissuo is ●t ●ost ●

centimeterdown to some●icrometers, two ●ethods have been used for
●ssay.

.

(a) Knowing tho daily urinary ●xcretioa, tho body coatont of
rsdionuclideis calculatedfrom knowlodgg of its setaboliss. The method
has worked for strontium-90(e.g.,3 Roagoltpcssesst ●utopsy confirmed
urinary●nalysis (Ref. Cormd 1980, Appendix, p..ll5), but not so far
with plutonium whore ●xtremely small quantities ●ro involved.

(b) The dose can ●lso be calculated from tho diet. The primary
obstaclehere is thattho dietis difficultto ●scertain●ccurately.The
Livermoro results ●re based on this●ethod.

For Rongelap,diet snd urinesethods ●re in frankdisagreement.The
Livermoredietmethodfindsthe dailyintako of [transuranics]to be
●bout 0.4 pCi/d (Section4.2; plutonium-239is ●bout508 of the
transuranicmixtures).

On the otherhand,the current●nalysisof urine●t Brookhavengives
plutonium-239 ●xcretionvalueswhichrange froa lessthan1 x 10-~to
about 5 X 10 ‘~ pCi/d. These correspond to ● rtnge of intake from less
than .07 pCi/d to *bout 38 pCi/day.

The doses (30-year, whole-body) calculated from these ●stimates for
plutonium-239 ●re as follows:

Livermore: [.008 rem]

Brookhaven: .003 rem - 1.48 rem

The totaldose for the threetransuranics(twoplutonium plusaxericium)
would be twice these fimres.

The problems implicitin this comparisonrequiresomedetailed
discussion.

Brookhavenresults. Historically,w. ●ay beginwithConard’s
twenty-yearRongelapreview of 197S (Ref.BHL 50424)in whichthe results
of urine●nalysis for 10 Rongelappsrsons wero reported (Apwndix 12,
p. 147). One resultseesed ●uch too high; the ●vertgeof the other nine
was 58 x 1~~ pCi/litsr/d, twlco the●aximuxfound in the currentseries.
Conarddid not discuss this result, but it was reviewed by ●n ●d hoc
group uhich suggested contamination ●s ● likely cause of tho high values
(Lessard 1984).

Urinesw4re●gsin collected oa ● much larger scalo in 1981. The
PARALSmethodwas ●pplied,but ●bandonod owing to inherent contuination
withpolonium.Yhe fission track method was then ●do~ted ●nd ● method to
separateplutoniuxfor such snalysisworked out. It shouldbs recognized
thttthevery small quantities of plutonium involved aako the operation
of themethod ● very difficult task (ORAU, 1987). The cost por suple is
●bout$1,000. t



Some 270 samplesof urinehave been analyzed. Owing to a
reorganizationat Brookhaven,the work for thisprojectwas stopped(no
funds),and the resultswere neithertabulatednor analyzed. For the
Rongelap Preliminary Report of April 26, 1988, the Brookhaven Laboratory
gave Dr. Lessard, the former ●anagerof the program, two days of free
time●nd he reported on some details.

Since then, starting in June ● summerstudent,Hr. GeorgeTaylor,*
has been extracting data froa the notebooks●nd shouldbe able to
tabulate● summary by the ●nd of summer. Meanwhile, ?fr. Taylor has sent
me some results for the first104 cases,which ●re displayedin Table
N.12 #1.

(a) AS noted above, the range of excretion is very large -- from
less than 1 x 10-s pCi/d to 5 x 10-3 pCi/d. The significance of this
rangeis not known.

(b) The distribution of the data ●ppears to be logarithmic and
bimodal. Thus it may be suggested that two populationsark at risk. The
populationsmight differphysiologically(one●bsorbstransuranicsmuch
more readilythan the other); environmentally(diet,contaminationof
samples);or technically(a changein techniqueor technician).Of
these,contaminationmightbe the most likely; it is very difficultto
collectgood urinesamplesin the ?larshalls. But any or all of these
variables may have playeda role.

(c) The resultsare not primarilydependent on sex or age, although
these factors may play a role.

(d) The youngest group appears to have a somewhat higher excretion
rate than the oldest one, at least in males. This could be due to a more
rapidmetabolicturnoverof the radionuclides.Tritiumand iodine,for
example, have half-residence times in infants of 3 days and 30 days
respectively, but in adults 10 days and 100 days (Hoenes, et al 1977).
The long-term compartments of plutonium have an average half-time in the
body of about 35 years, which could be much less in infants and children.
The higher outputs of the children might therefore represent faster
metabolismrather than greater intake.

Althoughthe ●rithmeticin the foregoingcalculationsmay be
correct,we may ask, “Are they consistentwith what we know?” As a
matter of judgment,I thinkthe answeris, “No.”. The maximumurinary
outputof plutonium-239correspondsto 76 pCi/d inputfor the three
transuranicelements. Looking over the data in Table 4.2 #1, it is
difficultto see how anyonecould eat sufficient food to ●ccomplishthis.
Clamshave the highestspecificactivityof the transuranics-- 131 x
10-4pCi/g-- ● specific●ctivitythat is ●bout 50 timesgreaterthan the
nearestcompetitor.One would thereforehave to eat 5.8 kilogramsper
day, everyday in the year, to satisfythe predictionsof the Brookhaven
analyses.

[* Department of Nuclear Engineering, Texas A & H College of Engineering,
College Station, Texas 77843. c/o Prof. John Poston.]

77—



pose calculatio~ . The Moss (Moss 1988) factors iaTablo N.12 #2,
suppliedthroughtho courtesy of Dr. 1. T. Lessard of Brookharen,permit
tht calculation of plutoniux-239 oral intako fros urinary ●xcretion, or
viceversa. The factors vary ●bout 3-fold in the present case whore th~
periods of ●xposuro ●ro from ●bout 5 to 25 years.

Of tho 104 CUCS in Table M.12 # 1, ●ll had li~ed On ~ortgohp SinCO

birth or for ●t least 7 years with four ●xcoptions. on. other ●xcoption
was the ctse of ● 12 yemr-old fesale who first ●rriwd in 1980; her
output of 2.34 [x 1~~] pCUd was practically identical to that of an 11
year-old (2.18 [x l@Q] pCi/d) who had always lived on the island.

~or orientation, lgt us use ● factor of 1.5 x 1*Q, correspondingto
about 7 years of plutoniua ●xposure. Thea for the maximumurinary
output,the intakewould be 38 pCi/d [ (5 x 10-~) / (1.5 x 10-4) ].

The corresponding [saxisum] whole-body dose (30 yotr) would be 1.5
rem for plutoniu.c-239, ●nd 3 rem for the three trsnsuranics. (The
correspondingLivermor@ diet●stimatewould be .014 rem.) Three rem of
course, is relatively a sizabledose. ilow*ver, it is of interestthat
when combined withtho rest of the Brookh8ven tstimates, the totaldose
of [4] rem does not ●xceedthe 5 rem li~it. For ●xposure from birthto
age 30 y~ars,the [estisatedplutoniumSaximum]dose would be 1.63txmes
greater[or4.9 rem]. (Table4.4 #l). [1 ●mphasize ●gain, howev~r, that
the maximum trtnsuranic ●stimate is an unrealistic one.]

I
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mLE N.12#l

I

* No. 1-9 1-9 1-5
detectable x 1V8 x lv~ x lF

Mit pWd pCi/d S/d

m~

5-loy 24 6 (2W 17 m)

lo-2oy 27 9 (33#) 7 (258) 9 (33$)

~+ y 17 12 (71$) 1 3 (la)

7vrAL
68 (lm) 27 (4M 8 (M) 29 (43%) 4 (68)

kales

5-loy 9 2 (a) 4 (44%) 3 (3M)

lo-2oy 10 4 (m) 5 (m) 1 (lm)

~+ y 17 8 (47%) 1 6 (358) 2 (1s)

36 (1OCW 14 (3*) 1 (38) 15 (424) 6 (l’R)

104 (lm) [u] (a) 9 (s) 44 (428) tlo] (*)



TABLE N.12 #2

PLUTONIUM-239: YRACTIOllOF ORALDAILY IMTAXSXXC~ IH URINE St-t

It is ●ssuati that tho daily intako is cosstaat
O*O? tho ~riod SP@Ci!iSd. ft _ .001 ~absorbed from gutl

)uration of cxpesure
(years)

1

5

10

20

29

Jones
(old)

3.62 x lb~

6.2 x lWO

8.61 X lks

1.31 x 10-~

1.67 X lWQ

Moss

(mad

5.42 x 10-8

--

1.71 x 1O-*

2.3 x 10-4

2.92 X 10-4

●1 the table’s data woro suppliedby Dr. S. ?. Lessard of tho Brookhtvon
NationalLaboratory.I havo used tha Moss factors (Moss, 1988).

~1 Tho intakecan be calculated by dividingthe urinaryexcretionby the
factorsgiven. Tor ●xsaple,●fter20 yearsof intake,the daily
●xcretionis foundto be 3 x 10-spicocuries.Then the intakeis:
(3 X 10-s)/ 2.3 x 10-4 = .13 picocuties/day.
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NOTE13. PEACE CORPS

$

Through the ●ssential help of Ilr. Jsck I!aykoski (Peace Corps
Headquarters, P.O. Box S, lhjuro, Marshall Islands 96960) ●nd Hr. Peter
Oliver, Special Assistant for Compact Affairs of tho Government
(P.O. BOX1S, Hajuro 96960), ● number of Volunteers ●rc ●aking diet
surveys of their island,. The study is still in progress, but some
results have been reported ●t this tisc for inclusion in this report by:
Mike ?laherty, Buoj Islsnd, Ailinglaplap Atoll: Judi llinsha~, Uoja
Island,AilinglaplapAtoll; Xali Itobiaotte, Ine Island, Arno Atoll,
Serena Veihl, Kayen Islsnd, llaloelap Atoll; Ellen Opic, Uotje Island,
Uotje Atoll.

the Volunteers have standardized ●easuring ●quipment and reporting
sheets. Data ●re gathered by staying with ● fa8ily for one day on two
separate occasions. The tssk is not ●n ●asy on., ●nd we are greatly
indebted to these workers for taking on m ●xtra ●nd difficult duty.

81



NOTE14
RISK FACTORS

Thorocont revisions h dosimotryfor Japaneseboxb survivors havo
indicated that tho risk factor for cancer ●ortality o! 1 x 10-4 should be
raised 2 - 10-fold (Shimizuet ●l 1987; Preston snd Picrco 1987). The
Japanese ●xporienco, howovcr, was based on high doso, highdose-rata
●xposuro, whereas tho Rongolap ●xperi.nco und.r discussion is very low
doso ●nd very low doso-rato. Tho difforenco in dose-rate involves●
factordownwardsof 3 - 10-fold, and ●s ● result tho two changescancel
one ●nothor. To b. on tho safo side, howovor, I havo chosen to raise the
old BHR factor from 1 to 2.S x l&Q. The matter is presentlyunder
discussionby thoUnitedNationsScientificCommitteoon theEffects of
AtomicRadiations,whichis preparing● reportfor the International
Committeeon RadiationProtection.
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Note 15: Senator Anjain’s letter

The letter from Senator Anjcin speaks for itself. It should be
comparedwith the body of the text of the present Report.

I would,however,liketo crneat on one point, nmely, ●Y failure
to transmit Dr. Bertell’sletterto the Congressimmediatelyon receiving
it. The reasonwas this: I did not consider her report good ●nough to
be trarmittedby ● ● psrt of ●ywork ●s Referee. I ●ay ●dd that Dr.
Bertell had testifi~d before the Congress ●t the April 26, 1988, hearing,
●t the invitation of Senator Aajain.

Eer letter (as did her testimony) dealt with two sajor topics.
First, ●n ●ttempt to show thtt somehow living on Rongelap per se ●ffected
the blood cell counts. I ●nclose ●y letter to Dr. Muckle, ● pathologist
she consulted●bout this work. Dr. Huckle agreed thatwhen●ll of the
data were reviewed,no tangible results were ●violent.

Second,the surveyof childhealthled to suggestionsthatsomething
was radically vroao ●nd that radiation would be the presumptive cause,
owing to currently living on Rongelap. I do not consider the data
convincing.No ●ention is sade of the usual levels of infant ●nd child
health in the Xarshalls, ●nd how difficult it would be ●gainst such ●

background to ●stablish radi~tion ●s ● c-use. On this score I quote from
the Report of the Task Force on Bealth (December 17, 1985), chaired by
?lrs.CarmenBigler,RepXarSecretaryof Interior●nd OuterIsland
Affairs:

“Thetaskforcebelievesthat the centrtl problem facing the
hetlthcaresystemis ● reversalof priorities;...an ●ppropriate
●edical system ●ust provide @ the ●ssentials of heclth through
public health ●duration, immunization, clesa water, ●nitation,
family plaaaiag, community-based dispensary system, and infectious
diseasecontrol.”

?or ●ore specific iaforsation, Z suggest reading “Current Living
Conditions of Children in the Marshall Islands”, ● Report of general
informationfor submissionto UHICtY,Republicof the XarshallIslands,
June1984.

[In this corrected oditioaoae other ●atter should mot be~used
over. I wish to comment specifically on the ●causations relating to Mr.
Dunster, sade in the letter, peges 86 and 87, based oa statements ●ade
by the ~vironmental Folicy Institute (SPI) of Wuhiagton, D.C. ~1
stated that Dunster u Iealth ?hysics Mantger of the UiMscalo reactor in
1957 colltboratod with colleagues ia the U. E. At-it Baorgy Authority to
withhold critical daformtioa from the public rogardlau that ●ccident.
Bowever, Mr. Duastor ●ttests that (d he sorer told●ch ● post ●t

Vindscalt; {b) ●t the the of tho ●ccideat he mrkod ● RMey, 150
tiles disttnt; (c) hohadaothiau todovith the official report by the
(sow) Lord ?eaaey; (4) h. WaSsarpri$.d ~Oyows later to loara that
critical iaformatian Md ka withbld by order of the Prtie Uiaister.
More thaa five ●oaths ham ●lapsedsiaceI wrote to EM and to Soaator
Anjain about their false statements, but aeither one has ●cknowledged
receipt of ●y letter.]



RONGEIAP ATOLL LmL GOVERNMENT
- of (hoMwsIuHIslands

SWlmumw MAuRO OFFICE
M8yorwlllloMwono Po eox 1W6

M4W0a Mamhdl M96%o

..4 T~ 328$

Juao 27, 190s

Eonry 1. Xohar Mon.
Roagolap Roassosmoat ?rojoot
1~03 Shattuok ~VOSUO
I!hrkoloy,a 9470,

Dar Dr. Kohn:

On ApAl 2S, Mayor ICwkto and I vrot. you rogardhg tho
Rongolap Roassossmat ?rojoat Preliminary Study saying you had
parformd ma groat sonic. on bohalfw tho Rong.lmp pooplo.
Today, I Writ. YOU v~th ● vary diffo?oat m.ssag.. The manor in
which this study is aov being aoaduatod is uaaecoptablo. This
study with ●aah passing day, has 1.ss and 1.ss er.dibility in our
●yom ●

Comgross uadatod this study to b. ~. m ●sk.d
Congroos for ● roviov of DOB~s 19.2 Radiation Study --
iadopoadoat of DOS -- and tho Compact sots forth th. t.~s ●nd
conditions of that Wndopondont- rovhw. Based on ● roviov of
●ctions of tho ‘xOhB (indopondont) 8tud~ taken to d~to, it Is
now ●vidont that th. Whdopondoncow of this study has boon
compromised.

Sine. tho hearing boforo tho AppropriationsCoaaittoo in
lat. Aprilt this study has boon ehangod. xt~a t~n- ~~ d~roetion
havo boon ●ltered. It~s purposo now ●ppaars to ho difforont than
it was whom th. study W8S iaitiatod.

I am writing you ●t this tim La tho hopos that ●otions can
still ho tak.m to rostoro orodtbilityaad Zatogrity to this vital
rsport.

lm 19.4, 1 aad othora tostifhd boforo Coagrosmaa
8aiborliag rogardia~ tho 1982 DOB report 8ad tho qoaoral
oiruuut8a80s 08 Roago18p Mono 8ubsoquontly, I 8ot privately
with tho Chairua to dhouss th. matt.r. Uoiborling roeogaisod
that 8om~thlng wt ho demo.

Coagross maadatod tho ladopondoat study La sootioa lo3{i) of
tho Co~aeto ~ 8tatoB.Bt rogudiag tho ~ of tho study is
found ia PuMi@ Law 99-239 vhiah says, in part:
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●oum80 SOagolap was dirootly ●ffootd hy
fallout from 8 a9s4 Uaitod States
thomoawlou test aad hosmmo tho Soagolap
pooplo rouia uaooavinsod that is 8af. to
ooatiauo to lit. oa magolap Islaad, it is
tho iatoat of coagram to taka mmh stops (if
say) a8 may ho aooosmry to ovorooao tho
●ffOetS Of 8UOh f~l$~t O= tho ~abitability
of Xagolap Xslaad, aad to sostoro Xongolap
Islaad, $f aooossary so that it eaa ho safely
hhabitoa.

Tho fous that mo~t through OUZ poopla UOSO justif~od in
tho ●yos of Coagros8. The 19S2 DOB ropozt aad mvolatieas
eontainod h it tosrifhd our POOP1O. Itora informtioa was
nood.od aad Coagross ●stablishod 8 proeoss by which it would b.
obtained.

Tour Froliaiaary Study, ●s tho Mayor aad X said to you fn
April, @for th. fkst the, eontaias ~rtaat aad sigaifieaat
rovolmtioas mbout tho radiationooatuiaat$om to vhiah v. havo
boon OX$W04.M

TM disulosuros ta 19S2 mad. Lt ovidoat that DOS was not
truthful with tho 8oaqolap p.opl. fma S9S7 to 1SS2 rogardiag tho
lovol of ●toll ooatamtaatioa. As ●azmiag ●s tho 19@2 DoS Report
was, tho Boaqolap pooplo dida~t MMOVO that DOB told the full
Story rogudiag ●toll ooatamiaatioaox health lmpaots.

Your ●tu~ has mbstaatiatod our ooaaoras. ~B did aot toll
tho truth aad w 80U haou At.

8~SO0 tho April 36 houing ●t whleh tiao 30UX Pralhiaary
8tud~ was roloa904, tho aaturo of your uadcrtahimg has ahaagodo
I#aaythingsyou havo doao or am Sa th. proo.8s of ~o$ag u. aot
Uadorstood. The aaaa.s Sa which th$m study la w boiag
eonduotod is Uaaoeoptablo.

TM follwiag im ● list of 8ajor prohlou vith th. study$

(u ~ -- W=”8 ==Y •=~
tostifiod hofora tho hppro riatloaaConittoo, ho tadioatod that

fDOS had published ● ●tuUy a 29S8 ooatiag platoaiua aad tho
magolap pooplo. 10 fwthoz Statoa that t&o 8tuq Was providod

to you aad your ~taat90 n Waa 8oto vow Voro roviaw

iaforaattoa aM Cata fxa so= Whia Va8 8ot ●aro4 J th your

eoasultaat mgkiag n tMS ?Oxy iomoo &SpWO ?Opoatod ?Oqmsts

for thuo ~to U4 Mtoriala, they ?aaiaa 8MVM1*1O*

(s)
Oa Juao 1, D?. ~11 Q1OW ●U ~rt OVtiUatiD~ 8oU18al
aad health d8ta0 isoludiw Impacts oa tho ohildroa of Xoagolap.
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#ho SUbmittOd it to ?OU with tho roquoat that YOU iUo4iatoly
ferwud it to Congross ●s tho doadlino for ●ation was only ● faw
aaya ●vay. This was mot dOnO. Dos@ta tho faot that tho impacts
On ehildna VU tha Priury ZOa80n for o%ton~i~ YOU rqort by
Sovoxal Maths, you aia not tit this mow Utuial to tho Yato8
Conittoo. Tho ●ortoll soport oomolmaog, ww othu thia~s,
that tho data from blood s88p10s t8h@s fro, tho RoSQOla~OSo WU
novos aaalysoa, th8t tha Ooatrol group ~Oa i8 DOB Studios was
abaomal, aaa that tho hpaots oa ahildroa aaa mothus iadiuato
SUiOIU problaso ~S sqs it~s ●afo aad you ●dviso US to rotura

to Ron ●lap.
1

W@ do aot uadustaad. Mostly, v. donQt uadorstaad
why th s sqort *S bolag withhola boyoaa oritieal doadlinas h
Conqroas.

(3} ?~tod in COV*E-UB 0<
You ●loetod Dr. Joha Dunstor ●s on.

of your eonsultaats. I havo just louaod of Dr. DuastuQs
pusonal mad dixoot role in eovuing up th. O@tobu, 19s7
wwiadsealow ●ueidoat ~a ●ritiaa~ Dooamoats doalusifi.d ●uly
this YoU finally rovod tho aatura 8a6 Utont of tho Willful
withholding og ~afo~t~oa from tho ●ffoet.d British POOP1O, both
8t th. t!=. of th. aedd.at -d ovu th. yoaro sine. it occurrod.
That you would mol~ot suah 8 parson to putieipato in tho
Roagolap Rousossmoat Projoot is uathiaksblo.

(4) m~nt ?ro~
d DOE Now c~ols RO1OUO of ?Ollowing

tho April h;;sin~, @ad tho 4iselosuro that.tho DOS uadortook s
spoehl rovhw of th. plutonium problu only tuo yaus ●go,
roquasts for imformtion by oao of your study consultantswar.
roforrod to DOB. In ●arly May, Mr. ~raako sent writtoa roquosts
to you for the utorials rofuoncod ●t tho hauiag, ●nd to
Brookhavoa Matioaal Lahoratorhs, fer ●dditional materials
rolatta~ to tho plutonium problem. Xou uroto to ICro ?raako on
Hay 7, stating, ~Qthomatuial you mat should ho obtsinod from
Eury Srowa (DOB). I aD sorry that I hav. fo~ottan to S.IM you
his ●ddress.w On May 9, Sdmrd T. Lossard writes, Nploaso
fomud your rquoat to Kr. Eury Brows.~

Xoquosts for this Iafomation wuo thea immdiatoly sent to
Brows, but ● of today, non. of tho inforutioa has boon
rouolvod.

Thi8 study i8 SOt SU~~SOd tO bo ‘O~OU@d~ by DOB. It wu
SU~~OSOd to ho iadopondoatOf Don. IS this tho indqmdonuo WO
wuo promiood?

(~) ~ =@ -udy -dated M
Congrass was to roviow tho DOB data ia th. 190~ report ●nd to
datomiao ita ●aouraoy. BUly Sa tho study, you wuo highly
asitieal of ● work plaa ●dvaaood by oomsultmto who r.eommmdsd
gathoriag aaw data. Mow how.vut you ●. smbuking oa such
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●ations. As X undorotand it, you havo roeoatly dooidod to
undartake eartaim autzitioml studios. Xa furthoranoo of this
●ffortt instsad of having trdaod autritloaal exports, you havo
roemitod Uatrainod poaao oorp voluntoarm to Ao thio work.

Throughout tho study, 1 ~vo boon xaln~ed thst tho ~U~SO
of tho study is to mviow tho 1902 zoport. m h8ve untrminod
voluntoora gathoxing aw health-nutritioadata ●t this point in
tho Rro@08s i- mot uadoratood.

(6) tO ~ •O~ OH ttOs ~ ma
result of your study, v. havo loarnod that D08 md Lts
loboratorios havo uAa. and blood SUP1OS from SOagOlap dtis.ns
which havo ●ithar not boon ●oasurod, OSO if ●amrodt mot
-*lYS-. JtY POOP1O have part% oipated h modissl taat$ngwith
tho uadosstaading that thoso smploa VOU18 ho fully amlysod.
Thor. is aou oonsiderablo ovidonoo that ●t least ●om. of thcso
8MP108 ~v@ aovor boom ovalustod. To ho puzmturod with noodlos
drawing blood or filling Mttl. oup~ vith our urim. -- - find
out that DOX thaa fails to fully ●valuato thoso •mplo~ - is
ixmltiag. YOU study aoods to iadieato this problem.

I roturnod to Washington from tho Marshall Islands ●xpoeting
to find answers to probl-s, not =oro problom. Sut, what &&V@ I
loaraod? X havo lo&nod th~t:

●

●

DOS is now eontrolliag●ll ox part of this study;

DOB plutonium ?oports and othor ut~rhls havo w
boea ro20amed by DOS#

●rookhavoa Matlonal Laboratories has ~ rcloasod
bioassay reports or othor zoquostod materials;

Tho @hildroaQs modieal study was oomplotod,
submitted to YOU8 but ~ formrdod to Congross;

Ono Of tho study Oonmltanta, romuitod by YOU,
●ativoly part$aipatad in ● sovm-m of ● auoloar
●euidoat and further, partioipatod in tho willful
$t:y~da~ of iaforutioa to tho ●ffostod

~ poaea oorps mluatoors hwo boos
rotataoU or roomitod to u8d.rtoh. -faotw
ml-ittoaal stadi- of -0 mmgolap poopla$

no ●oopo Oad purposo of tho ●tu* appo8r to h&vo
boos Oltomd with 8 SOW -so boyoad that OS
oxamiaiq aad ovoluat~~ tbo aoouraoy of tho mt data
b tbO S90~ ?OPOrt osd M tta ~ZOOtiOn of tho study
i8 mo loaga? Olou.
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Dr. Eohac th. ~ OS Roa@ap u. tho reasonfor this
study . W, UO tho ~. Or~ stated anothor way, *O
aro tho ~. Wo woro sent baok to 8ongolap Atoll Sn 19%7 and
ovu tho wars w. voro ropoatodly told th8t it me ●fo to live,
to gather 8M UOnSUO food -- fro8 ●ll tha islaads.

m u. th@ moat qso4 group of POOP1O in tho Mushallm to
radiation.

W@ UO tho ~~oet Of and tho ~ for this study.

YOtO vba YOll e~latod YOUS study, mo ●ffOrt has baoa mado
to uouuaieato with our POOP1O. Mo briofiags war. hold. w.
didagt haow your study would ho prolhinuy UM that it would b.
●xtoadod for sovual months. You novor told us. This delay has
rmovod u= from eoagrossionalconsiduatloa during this eurroat
budget oyala.

Last Docombu, you sent 8 video moosago to tho pcoplo of
RongolaP. you iadiaatod that youtd koop tho Rongolap pooplo
iafommd. This is not boinq dono.

Ovu thos. m-y months, diselosuro ●ftu diselosuro has corn.
forth. Most imvoIVO what DOB didalt do, what they dida$t Say,
what they dida~t aaalyso, aad what they didaQt toll US. Tha 1982
DoB report is riddled with ●rors.

Congross ●stablishod 8 two-put prososs. ?irst, roviow tha
raport to dotormiw if it was ●oourato. Soaoad, if not, thoa ●

cemprahonsivo roviov should ho uadutah.n.

DOB Uu aot ●uourato. TM eoqrohonsivo report is
jumtifiod. W. urgo you to maho that rocommoadation, aad to mako
it in ulou aad uamist8k-10 terms.

Corroet tha dofieioaehs in your stud .
{

ICako it crodibla ia
our ●yes. Lot it boeomo 8 stopping-steno a ● proaoss to
proporly raster- aad rohabilitatoRoagolap Atoll.

Dr. Kohat lot ma ●tat. it ttia way. -d tho 19.2 DOB report
not boon issued, obviously v. would still ho living on Roagolap
Atoll. Xowovu, 08 tho basis of tho Xoha Boport and its
rovolations, w. would ho packing our belongings and prapuing to
loava today.

TM Soagolap pooplo today Mv. An doplorablo eircumtaacos.
-v. ●ll, w sook rosolutioa of this mattu. W@ havo bocomo
paaifis nomads, mot out of ahoioo, but out of f.u. In your
Mads h ● daeisioa to tako stops toward rosolutiomor to prolong
this ●goay.
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w. aro human hoings and w. sook oaly
truth.

sineoroly#

simply dignity Ud

[-ti’uib)’+4L
kfayer Wllli. Mvmk o

I“’/:.. ,/!-6

[The charge that I reversed myselfafterthe firsteditionof the Report
was made by Hr. Neiman,basedon Weiman’sinterviewwith Hr. John Rudolph
of DOE. I spoketo Hr. Rudolph●bout thisand he statedit was a lie
thathe had said I had reversed myself. When Hr. Weimanand Senator
Anjainwere subsequently●sked by ●e aboutthis,neitherwouldstatewhy
theyhad not askedme aboutreversal. H.I.K.]
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Henry 1. Kohn, MD. PhD
RONGELAP REASSESSMENT PROJECT

June 28, 1988

Dr. T. J. Muckle
Directorof Laboratories
ChedokeHospitalDivision
Box 2000,Station A
Hamilton, Ontario L8N 32S

Dear Dr. Muckle,

I have done some more thinking about the blood-cell counts of the
Rongelap people, a matter which Dr. Rosalie Bertell asked you to comment on.

You will recall that 82 Rongelap people were exposed to fallout in
19S4, were then moved to Majuro Atoll where they remained until 19S7, and
were then moved back to Rongelap.

During this period (1954-S7) , non-exposed Rongelap people were
also living on Majuro and their blood counts are therefore of interest as
controls. In addition, blood counts on the Majuro people themselves and on
people living on Rita (an island in Majuro Atoll) are also of interest as
controls.

The enclosed table shows blood cell counts for.these control groups
during the period 19S4-S7 (before return). You will note that the monocyte
count of the Rongelap controls was low prior to return, but after return
rose to the normal range. Radiation, therefore, had nothing to do with this
change. The monocyte count was also somewhat low in the other two control groups.

You also commented on a difference in lymphocyte count between the first
years on Rongelap and 1982-86. Please look again at the data including the
Majuro controls in 1982-86. They show a similar change, but were never on
Rongelap.

Looking over all of the resultsin thistableleadsme to suggest
thatthe fourth paragraph of your letter [which has been quoted by Dr.
Bertell) is not warranted now. I refer to the sentence, “I think what

may be shown here is the effect of long-continued exposure, which may indeed
be quite different from the late effects of acute but transient ●xposure.”

1203 Shattuck A\enue Berkeley CA 94709 (415) 526-0[41
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Huckle
June 28, 1988 -2-

1

When reviewed with ● bit of perspective, including bearing local
conditions in ●ind,●nd the fact that 1982-86counting techniques differed
from ●arlier ones, I don’t believe one can say that this collection of
counts ●stablishes ●nything specific in s positive sense.

What do you think now?

J

I feel somewhat hesitant to involve you in ●ll of this, since it
takes time. However, I excuse ●yself with the thought that you were involved
●lready.

Henry I. Kohn

cc: Dr. Rosalie Bertell
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WHITE BLOODCELL COUHTSIN UNEXPOSEDCONTROLGROUPS●’

Cellsperm3 Platelets permms
Date Groupb’

Neutrophils LYqhocytes Monocytes
x 10-3

3’54 “Majuro”
(11s) 4800 4100 200 310

9’s4 “Rita”
(82) S200 3700 180 290

3’S6 OtRit~*l
(s7) [4400] 13600] 150 27S

3’57 “Rongelap” While living on Majuro, before return:

(86) 3400 2900 70 280

3’58 “Rongelap”

(80)

3’s9 (7s)

3’61 (-72)?

3’62 ( 70)?

3’63 ( 70)?

3’64 ( 70)?

‘82-’86 ( 70]

After return to Rongelap Island in 1957:

3600 3700 110

S200 4100 240

4200 3100 120

4200 2900 190

3900 3100 250

4800 3s00 240

4200 2800 330

320

310

300

3s0

310

370

-.

‘82-’86“Majuro”
(61) 3900 2800 320 .-

8’ Brookhaven Nationsl Laboratory reports: BNL 384 (T-71), 412 (T-80),
S01 (T-119), S34 (T-135), 609 (T-179], 727 (T-260), 780 (T-296),
908 (T-371], and the 1982-86 statisticsfroa BNL MedicalDivision
●venged by Dr. R. Bertell. The reports ●re ●vailsble from the Technical
Service Infomstion Bureau. The ●arlier Brookhaven statistics were supplied
by Brookhavcn Notionsl Laboratory.

b’ All ofthes~ groups were unexposedto the falloutof 19S4.
The Nejuro and Ritsgroupswsrc livingonthoseislands of lCsjuroAtoll.
The Ron@apgrmpwss living onltsjurountil 19S7uh*a almost ●ll of
its members roturnod to RongeIsp. The mmber ●xminodporyoar is given
in psmnthcses.

(“hestatisticsue the●verage of salesand femalesz
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